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I. INTRODUCTION 
Bloat in ruminants is a disease which has caused great 
losses to owners of livestock for many centuries. Progress 
toward an understanding of its etiology, prophylaxis and 
therapy has been very slow until recently because of the 
insidious nature of bloat and because of the absence of 
persistent, intensive research. However, great strides have 
been made during the last 15 years as demonstrated by the 
new information added in the recent review of Cole and Boda 
(I960) as compared with that in the review of Cole et al. 
(1945). 
During this 15 year period it has been established 
that a stable foam, trapping the gases of fermentation, is 
formed in the rumen in pasture bloat (Olson, 1944; Quin, 
1943î Weiss, 1953; Johns, 1954; Jacobson et al., 1957a) and 
also in feedlot bloat, (Lindahl jst. al., 1957; Jacobson et al.. 
1957b). It is generally conceded that the foam is the pri­
mary factor responsible for prevention of eructation (Johns, 
1958; Cole and Boda, I960). Anti-foaming agents, such as 
plant and animal oils and fats, have been shown to provide 
excellent control of pasture bloat when they are consumed 
with the plant — either by sprinkling the oils over the 
green-chopped forage (Brown et al., 1958; Johnson e£ al., 
1950b) or by spraying bloat-provoking pastures, in conjunc­
tion with strip grazing, with oils (Reid, 1958). Similar 
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levels of fats or oils (approximately 1/4 pound per animal), 
given orally to cattle prior to grazing will prevent bloat 
for 3 to 4 hours (Johnson et al., 1958b; Johns, 1958). Some 
products containing mucin also have been shown to control 
pasture bloat for 3 to 4 hours (Hartley and Yadava, 1961). 
Several antibiotics administered at intervals of 24 to 48 
hours have proven useful for bloat prevention for 1- to 
2-week periods (Barrentine et al., 1958; Johnson _et al.. 
1960b). 
Advances also have been made in therapy of pasture bloat 
with use of antifoaming agents. Vegetable oils have shown 
the most promise because they are both palatable and effec­
tive (Johnson et al.. 1958a, 1960a; Reid and Johns, 1957). 
Although much remains to be clarified, particularly in 
the etiology of bloat, the future looks encouraging. For­
tunately, much of the research being conducted to elucidate 
the prophylactic and etiological mechanisms also contributes 
information of general importance in the fields of physiology, 
biochemistry and microbiology of both the plant and the rumi­
nant . 
Iowa State University has been one of the leaders in 
bloat research for the last decade in an inter- and intra-
institutional effort to solve the bloat problem. The studies 
reported herein are a part of this cooperative approach. 
Johnson et al. (1960b) introduced the concept of feeding 
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antibiotics in combination or in rotation to prolong the 
effective period obtainable from oral administration of anti­
biotics. The present studies are an extension of that work 
in an attempt to find combinations and rotations of anti­
biotics that will control bloat for an entire grazing season 
with supporting laboratory research on the mode of action 
of the antibiotics in prevention of bloat. 
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II. REVIEW OF LITERATURE 
The field of bloat has been reviewed by many workers. 
One of the most complete reviews of the subject available 
would be the combination of the reviews of literature in the 
theses of my predecessors and colleagues in bloat research 
at Iowa State University: Blake (1955), Brown (1959), Johnson 
(1959) and Kassir (1962). Therefore, this review will in­
clude only literature relating to the use of antibiotics in 
bloat prevention and other applicable research not included in 
the above mentioned reviews. An excellent review that gives 
current coverage of the wide scope of research on bloat has 
been prepared by Cole and Boda (I960). 
A. Bloat Prevention with Antibiotics and some 
Ramifications of Their Use 
1. Prophylaxis 
Barrentine et al. (1956) first proposed the use of anti­
biotics for prevention of bloat. They found that administra­
tion by capsule of 50 to 75 mg. of procaine penicillin pro­
tected steers from bloat for 1- to 3-day periods. It was 
noted that the antibiotic was not effective until 12 to 24 
hours after administration. Chlortetracycline, oxytetra­
cycline, bacitracin, and streptomycin were ineffective in 
preventing bloat in doses up to 300 mg. These workers 
(Barrentine et al., 1957) also field-tested, on 19 farms, a 
penicillin-salt mixture (50 mg. procaine penicillin per ounce 
of salt) and concluded that the mixture was of definite value 
in reducing the incidence of bloat among animals grazing 
legume pastures. The average salt consumption on these farms 
was 0.7 ounce per animal daily with a range of averages per 
farm of 0.3 to 1.37 • No loss of penicillin activity was ob­
served when the salt mixture was stored in bags for 8 months. 
However, a marked loss in activity occurred within 1 week when 
cattle were licking the mixture. The loss of activity was 
slight in a 2- to 3"day period. The assay procedure was not 
given, nor was the percent loss of activities. Barrentine et 
al. (1958) discovered that erythromycin was equally as effec­
tive as penicillin in preventing bloat and that there was no 
difference in the effectiveness of the base and the thiocya-
nate forms. Thiostrepton and bacitracin were tested and found 
ineffective as bloat preventives in doses of up to 300 mg. 
Oxytetracycline and penicillin were retested using 50 to 75 
mg. levels per day for two days and the effectiveness of the 
treatment was judged by the percent reduction in bloat 3 days 
after treatment as compared to the incidence of bloat on the 
3 days immediately prior to treatment. The results with 
oxytetracycline were more promising than in 1956 but this 
antibiotic still was considerably less effective than 
penicillin. It was not effective in the one case where a 
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control group was used for comparison. In all of the 
Mississippi trials except this one, no control group was 
used and effectiveness was judged by the percent reduction 
in bloat from incidence prior to antibiotic administration. 
The administration of single doses of procaine peni­
cillin (100 mg.) to 18 beef cows by Thomas (1956) prevented 
bloat after 12 hours and up to 96 hours. During a 48-hour 
comparison, 24 cases of bloat were observed in 18 control 
cows while none was observed in the group receiving the 
preventive. Studies on the rumen ingesta of fistulated 
cattle indicated that foaming was depressed. Emery .et al. 
(1958) reduced the incidence of bloat by about two-thirds by 
feeding 100 mg. of procaine penicillin per cow daily, either 
with the grain or in the salt. Efficiency of treatment de­
creased as the season progressed, but bloat incidence also 
decreased. These authors recommended feeding 50 mg. of 
penicillin when bloat becomes a problem and gradually in­
creasing to 100 mg. 
Johnson and Bailey (1958) found that 62,000 units of 
penicillin (equivalent to approximately 65 mg. of procaine 
penicillin) reduced the incidence, but not the severity, of 
bloat in dairy cows on lush alfalfa pasture. Jacobson et al. 
(1957a) found penicillin (dosage not given) effective in 
preventing bloat in all of 13 cows under known bloating con­
ditions. Single doses of 25 mg. of penicillin given to sheep 
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before drenching with alfalfa juice reduced bloat by about 77 
percent the day after administration; the effectiveness of 
the treatment decreased rapidly thereafter, (Moore et al., 
1957). 
Johns (1958) obtained fairly effective control of bloat 
by using 200 mg. of procaine penicillin every 48 hours. 
Some animals did not respond to treatment, and in other 
trials (Johns, 1957) the antibiotic was only 50 percent ef­
fective. Differences in the response of individual animals 
to penicillin were observed. 
Although it can be concluded from the foregoing data 
that penicillin definitely reduces incidence of bloat (Johnson 
et al. (1957) and Johnson et al. (1958b) observed that this 
effect is transitory since penicillin (75 mg. procaine peni­
cillin per animal per day) was quite effective in controlling 
bloat through 8 days of daily administration in grain, after 
which bloat incidence and severity increased to approximately 
the same levels as the controls. Barrentine (1958) also 
observed that this effect is transitory in that "resistance" 
developed after 10 to 14 days of continuous administration 
in salt. "Resistance" is defined herein as a partial or 
complete loss of effectiveness of an antibiotic preparation 
in the prophylaxis of bloat. Such decreases in the effec­
tiveness of penicillin have also been observed by Brown et al. 
(1958), Bnery et al. (1958) and Mangan et al. (1959). 
Similarly, erythromycin (Johnson et al.. 1958a) has been shown 
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to exert a definite preventive effect for about 7 or 8 days 
after which the animal becomes refractory to the antibiotic. 
Barrentine et al. (1958), with limited data, concluded 
that the resistance which develops by continuous adminis­
tration of penicillin is not specific for penicillin but 
rather is a generalized resistance to many antibiotics. Con­
trary to this assertion, Johnson (1959), in referring to the 
Handbook of Toxicology (Spector, 1957), pointed out that 
there is no generalized development of resistance of organ­
isms to all antibiotics. Occasional cross-rèsistance may 
develop between two specific antibiotics with similar chemi­
cal structures and properties, i. e. between the macrolide 
antibiotics erythromycin and carbomycin or among the tetra­
cyclines, but there is no cross-resistance between penicillin 
and erythromycin. Reference to Spector (1957) also shows 
that each of the antibiotics thus far discussed which are 
effective in bloat prophylaxis (penicillin, erythromycin and 
oxytetracycline) is effective against Gram positive organ­
isms . 
Johnson et al. (1960b) developed the concept of feeding 
antibiotics in rotation to prolong bloat prevention. 
Several antibiotics were tested (penicillin, erythromycin, 
oxytetracycline, chloramphenicol, neomycin, novobiocin, 
Spontin, tylosin, and vancomycin) which were selected on the 
basis of their commercial availability, activity against Gram 
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positive organisms and lack of cross-resistance to one 
another. Erythromycin (70 mg.) was effective for about 10 
days following penicillin (35 mg.) which also had been ef­
fective for about 10 days. Tylosin (70 mg.) and chloram­
phenicol (140 mg.) fed sequentially were effective for about 
7 days each after previous exposure of the animals to peni­
cillin and erythromycin. Subsequently, oxytetracycline 
(140 mg.) reduced bloat substantially for about 4 days. The 
levels expressed are in terms of amount per animal per day. 
This would suggest the possible development of a rotation 
including penicillin, erythromycin, tylosin, chloramphenicol, 
and oxytetracycline. 
Even though four such antibiotics fed sequentially may 
be effective, before the cycle can be rotated successfully 
the period of non-exposure to each single antibiotic must be 
long enough for resistance to subside. Johnson et al. 
(1960b) observed that withholding penicillin for periods of 
14 and 17 days was not sufficient to permit return of ef­
fectiveness, while Mangan et al. (1959) reported that ef­
fectiveness was regained after 2 months. Johnson et al. 
(1958a) found that resistance to erythromycin could not be 
overcome by withholding it for periods of 26 days or less. 
Johnson et al. (1960b) also fed antibiotics in combina­
tion with the hope that synergistic combinations might be 
developed which would extend the duration of bloat prevention 
beyond that which had been experienced with antibiotics fed 
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singly. Penicillin and erythromycin fed in combination con­
trolled bloat more effectively and for a longer period of 
time (26 days in one trial, 23 days in another) than did the 
same antibiotics fed in rotation. A combination of tylosin 
(70 mg.) and vancomycin (70 mg.) was tested when the inci­
dence of bloat in the control group was quite low. However, 
since a simultaneous trial with vancomycin fed singly indi­
cated that it may encourage bloat symptoms, it is doubtful if 
this combination would be effective in bloat prevention. 
2. Mode of action 
Mangan et al. (1959), using identical twins, studied the 
effect of penicillin on rumen fluid characteristics (see also 
Johns et al.. 1957; Johns, 1958). Mangan et al. (1959) con­
cluded that reduced fermentation rate, as indicated by the 
decreased fatty acid levels and the accumulation of soluble 
proteins and sugars in the rumen of the penicillin-treated 
twin, resulted in less gas production which probably is a 
factor in controlling bloat. In vitro foam expansion and 
stability in samples from penicillin-treated animals were 
very low in spite of a high concentration of soluble protein. 
However, following centrifugation these samples exhibited 
high foam expansion and stability, implying a strong anti-
foaming agent,possibly chloroplasts, had been removed. 
Chloroplasts contain a very high concentration of lipids 
(Chibnall, 1939; Neish, 1939; Rabinowitch, 1945), up to 37 
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percent of the dry weight depending on the species. Scott 
(1955) demonstrated that much of the lipid occurs as a cloud 
of globules surrounding the chloroplast and attached to the 
parent body by transparent plasmodesmata. Mangan (1959) 
found that isolated chloroplasts have appreciable antifoaming 
properties while lipid-free chloroplasts, obtained by washing 
with acetone and ether, had no antifoaming properties and had 
the opposite effect of stabilizing foams. With this infor­
mation available Mangan et al. (1959) postulated that peni­
cillin acts indirectly as an antifoaming agent by inhibition 
of bacteria which normally destroy or alter chloroplast lipid, 
i. e. by hydrogénation or by the action of microbial lipase, 
thus removing a natural defoamer from the rumen. 
Work by Hill et al. (I960) has shown that some of the 
antibiotics which are most effective in preventing bloat also 
cause the greatest reduction in lipolytic activity of rumen 
liquor in vitro. Penicillin, erythromycin and tylosin (.003 
percent solutions) depressed lipolysis more than 50 percent 
during a 24-hour incubation. The same concentrations of 
streptomycin and chloramphenicol were somewhat less effective 
while inhibition of lipolysis by neomycin, which is not 
effective in bloat prevention, was almost nil. This lends 
support to the hypothesis that antibiotics prevent the de­
struction of a natural defoamer. There was some evidence 
that the lipolytic activity was associated with the protozoa. 
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Wiseman et al. (I960) and Jacobson et al. (I960) could 
not find pronounced changes in numbers of paracolon bacteria, 
lactobacilli or streptococci in the rumens of penicillin-
treated animals. In vitro assays showed that lactobacilli 
and streptococci from these animals were sensitive to low con 
centrations of penicillin while paracolon bacteria could grow 
in high concentrations and apparently destroy the penicillin 
activity as indicated by the subsequent growth of penicillin-
sensitive strains in the media. These authors suggested that 
paracolon bacteria might inactivate penicillin, thus permit­
ting numbers of penicillin-sensitive streptococci and lacto­
bacilli to remain unchanged following antibiotic administra­
tion. 
Evidently penicillin is either rapidly inactivated or 
removed from the rumen as detectable amounts disappear about 
4 to 6 hours after administration (Mangan et al., 1959). 
Smith et al. (I960) found that rumen contents taken from an 
animal receiving penicillin could destroy 100 units per ml. 
in 5 hours. This destruction was attributed to the enzyme, 
penicillinase. However, the true nature of antibiotic 
resistance in bloat has not been solved. English et al. 
(I960) found that resistance to penicillin was manifest in 
several forms — the presence of penicillinase in some groups 
of bacteria, penicillin acylase activity in other groups and 
an unknown mechanism in selected groups of bacteria. Hartman 
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et al. (I960) observed increases in strains of rumen bacteria 
resistant to penicillin and erythromycin during periods of 
administration of these antibiotics, but this may have been 
unrelated to bloat since these resistant strains often de­
veloped long before bloat prevention ceased. 
The mechanism of action of certain antibiotics on pure 
cultures of bacteria has been revealed, at least in part. 
In sensitive bacterial cells, penicillin apparently inhibits 
transfer of nucleotidyl derivatives necessary for cell-wall 
synthesis or cell-wall maintenance. Its bacteriocidal action 
seems to be due to a loss of cell-wall integrity and subse­
quent lysis of the cell while failure to cause lysis at lower 
concentrations of penicillin may result in a bacteriostatic 
effect by inhibiting cell division (Park and Strominger, 1957; 
Lederberg, 1957)• The proposed action of streptomycin is 
analogous to that proposed for penicillin except the site of 
action is the cell membrane. Anand and Davis (I960) have 
shown that streptomycin causes an increased excretion of 
certain ribonucleotides in sensitive E. coli. It appears that 
streptomycin affects the cell membrane formed by sensitive 
growing cells. It is not known if damage to the membrane is 
sufficient to cause the bacteriocidal effect of streptomycin 
or if this effect depends on penetration of the drug (Anand 
et. al.. I960). 
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Brock (1961) has reviewed the action of chloramphenicol 
and has brought out many points which later may be shown to 
be related to the mechanism of action of antibiotics in 
bloat prevention. Chloramphenicol is primarily a bacterio­
static antibiotic that acts at low concentrations to inhibit 
growth of a wide variety of bacteria, rickettsia and certain 
large viruses while at higher concentrations it inhibits the 
growth of animal and plant cells. Its metabolic action is 
to inhibit total protein synthesis. It apparently prevents 
the transfer of amino acids from soluble RNA to protein. 
Other antibiotics which behave similarly are the tetra­
cyclines, erythromycin and puromycin. Chloramphenicol blocks 
the action of antibiotics which act only on growing cells, 
such as penicillin and streptomycin and is additive with 
other antibiotics which also inhibit protein synthesis, e. 
g. the tetracyclines and erythromycin. 
3. Physiological effects 
The extent to which antibiotic residues appear in milk 
and/or tissues and the probability of the occurrence of 
other ill effects due to oral administration of antibiotics, 
either singly or in combination, has not been adequately 
determined. Horn et al. (1955) fed varying amounts of pro­
caine penicillin to steers and noted no outward ill effects 
when as much as 800 mg. was fed. However, the uriné of 
steers fed 400 mg. and higher had a milky looking suspension 
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with a yellowish cast which is unidentified. Barrentine 
et al. (1956) observed severe diarrhea when steers received 
by drench 1.0 gm. of either chlortetracycline, oxytetra­
cycline or procaine penicillin. Levels of these antibiotics 
up to 300 mg. did not produce this effect. Eknery et al. 
(1958) found that the inclusion of 400 mg. of procaine 
penicillin in the ration often caused a marked depression 
of milk production for several days which was sometimes 
accompanied by loss of appetite, discharge at the nostrils 
and hyperemia of the vaginal mucosa. These symptoms were 
also noted in one herd receiving only 100 mg. of procaine 
penicillin per animal per day. Murnane (as quoted by Johns 
et al.. 1959) in Australia observed no significant change in 
either milk yield or fat tests as the result of treatment 
with 400,000 units of penicillin daily for 4 weeks. The 
only adverse effect was a transient diarrhea during the 
first few days of treatment. Oral doses of 100, 200 and 500 
mg. of procaine penicillin given every third day by Johns 
et al. (1959) to milking cows resulted in no adverse effect 
on the weights of cows; yields of milk and butterfat ; fat 
and solids-not-fat contents of the milk; or on the iodine 
value, saponification value, softening point, Reichert 
value, carotene content and vitamin A content of the butter-
fat. At the lower effective levels for antibiotics fed 
singly (penicillin 35-75 mg., erythromycin 70 mg., tylosin 
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70 mg., chloramphenicol 140 mg. and oxytetracycline 75-140 
mg. per animal per day) no adverse effects have been ob­
served (Barrentine et al., 1956, 1958; Johnson et al.. 1958a, 
1958b, 1960b; Emery et al., 1958). 
Barrentine et al. (1956) observed that clover consump­
tion in steers appeared to be slightly higher, after treat­
ment with 25 mg. penicillin. An occasional marked increase 
in appetite has been noted by Johns .et al. (1959) when peni­
cillin was being given during outbreaks of bloat. There 
seems to be no effect on the digestibility of forage by 
doses of up to 300 mg. of procaine penicillin (Thomas, 1952). 
In work with antibiotics added to the artificial 
rumen, Huhtanen et al. (1954) found that penicillin (levels 
ranging from 0.312 to 5.0 units per ml.) inhibited cellulose 
digestion. Hardie et al. (1953) found little effect on 
cellulose digestion was produced by polymyxin-B-sulfate and 
chloramphenicol, slight inhibition by bacitracin and di-
hydrostreptomycin, moderate inhibition by oxytetracycline 
and chlortetracycline and marked inhibition by penicillin. 
In opposition to these findings Wasserman et al. (1952) 
reported that low levels of penicillin and streptomycin (up 
to 7.5 and 12.-5 units per ml., respectively) and even higher 
levels of neomycin stimulated cellulose digestion in vitro. 
Residues have been reported in milks of cows following 
oral administration of certain antibiotics, but the studies 
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are inconclusive as to whether residues are obtained at 
levels normally used for bloat prevention. Johns et al. 
(1959), feeding up to 500 mg. of procaine penicillin per 
animal per day, and Wright and Harold (I960), using levels 
as high as 5,000 mg. of penicillin daily, could not detect 
residues in the milk. Conversely, Skaggs and Miller (1959) 
found that daily doses of 170 and 270 mg; of procaine peni­
cillin in a feed concentrate resulted in residues of 0.05 
to 0.15 units per milliliter in the milk. Residuals of 
chlortetracycline were found in milk when this antibiotic 
was fed at levels of about 250 mg. or more daily (Shor et 
al., 1959; Wright and Harold, I960) but not at daily levels 
of about 50 mg. (Shor .et al., 1959). A level of about 250 
mg. oxytetracycline per day did not result in detectable 
antibiotic in the milk, but the assay method was only about 
one-fifth as sensitive to this antibiotic as it was to 
chlortetracycline (Wright and Harold, I960). Streptomycin 
activity was not detected in the milk when 500 mg. was ad­
ministered twice daily for 5 days (Wright and Harold, I960). 
B. Etiology of Bloat 
1. Salivation 
Saliva has been suggested as a factor in bloat; however, 
its role has been controversial. Johns (1958) proposed that 
secretion of a copious amount of saliva either could assist 
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in preventing bloat by buffering a fall in pH or could 
increase bloat severity by adding to the C02 evolved and 
by enhancing foam formation. He also believed that muco-
proteins present in saliva help form a stable, viscous 
foam. Phillipson and Reid (1958) found that pressure in the 
rumen caused (1) an increase in the rate of secretion of the 
parotid and submaxillary glands and (2) an increase in the 
level of mucoprotein in the submaxillary saliva in some 
animals. Results of their experiments suggested that ad­
ditional saliva flow in response to pressure in the rumen 
may cause increased bloating. Mangan (1958) found salivary 
mucoprotein to be an efficient foaming agent in vitro but 
its greatest foam strength was at a pH above that normally 
found in the rumen. 
Weiss (1953) postulated that saliva plays a beneficial 
role in bloat. Working with Merino sheep, he found that 
formation of froth is dependent upon the consistency of the 
ruminai ingesta. Bloat caused by frothing of thick, viscid, 
ruminai ingesta occurred after succulent, leafy legume was 
fed. When mature stemmy legume was fed, the ruminai ingesta 
reverted to a watery consistency and bloat ceased. Weiss 
concluded that when succulent legume is eaten, frothy bloat 
results from insufficient salivation. Bartley (1958) 
observed that identical twins bloated less with a watery 
ingesta than with a thick viscid ingesta and Mendel and Boda 
19 
(I960) have observed that non-bloaters secrete greater 
quantities of saliva than do bloaters. 
Saliva apparently possesses antifoaming properties 
since its addition to frothing rumen ingesta increases the 
rate at which gas escapes (Van Horn and Bartley, 1961). 
When cows grazing alfalfa pasture were injected with atro­
pine, to inhibit salivation, they bloated to a greater 
degree than untreated cows (Yadava, I960), providing further 
evidence that saliva may depress bloat. 
Results in other experiments have suggested that mucin 
is the active antifoaming component of saliva. Bartley (1957) 
found that feeding linseed meal as a source of mucin before 
grazing did not reduce the incidence of bloat during a 3 
hour grazing period but that after the experimental animals 
were in dry lot for 2 to 5 hours, the number of bloat cases 
was fewer and the bloat index lower among animals fed linseed 
meal. Bartley and Yadava (1961) tested the antifoaming 
activity of bovine saliva, plant mucilages and animal mucins 
in vitro and found that bovine saliva and animal mucin ex­
tracted from fresh bones and hogs1 stomach linings effec­
tively inhibited saponin foam formation. The two animal 
mucins were effective bloat preventives in vivo for at 
least 4 hours at levels of 50 and 75 gm. per animal. 
Fina et al. (1961) have isolated organisms from the 
rumen which are capable of breaking down salivary mucin and 
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have increased the incidence and severity of bloat by adding 
cultures of these organisms to the rumina of cattle grazing 
alfalfa pasture. Inoculation of the rumina of cattle re­
ceiving a feedlot bloat ration and just enough hay to pre­
vent foaming prior to inoculation resulted in a marked 
increase in the degree of bloat over the uninoculated con­
trols. These workers (see also Bartley, 1961) suggest that 
bacteria and salivary mucin are linked together as factors 
in the bloat syndrome and that destruction of salivary mucin, 
a natural defoamer, by mucinolytic flora in the rumen could 
tip the balance in favor of bloat. 
2. Rumen microorganisms 
A relationship between rumen microorganisms and bloat 
has been indicated but not delineated. Control of bloat by 
antibiotics, as discussed previously, would in itself sug­
gest a relationship. It has been proposed that slime pro­
duction by rumen microorganisms contributes to feedlot bloat 
(Jacobson et al., 1957b) and to frothy legume bloat 
(Hungate et al., 1955)• Jacobson et al. (1957b) also found 
a high correlation between the percentage of encapsulated 
organisms and the incidence of feedlot bloat. An increase 
in the numbers of Streptococcus bovis and Peptostreptococcus 
elsdenii has been observed during the onset of feedlot 
bloat (Gutierrez et al., 1959b). However, Hartman et al. 
(I960) found that feedlot bloat occurred prior to any 
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substantial increase in streptococcus counts. Gutierrez et 
al. (1959a) have succeeded in isolating bacteria from the 
rumen which are capable of degrading alfalfa saponin with a 
concomitant production of slime. Mah and Hungate (I960) 
found greater numbers of protozoa belonging to the genus 
Ophrvoscolex in the ingesta of bloating cows than in non-
bloating cows. Fina et, al. (1961) as previously discussed 
isolated strains of mucinolytic bacteria from the rumen and 
have succeeded in increasing bloat incidence and severity by 
inoculation-of rumina of cattle on alfalfa pasture and of 
cattle receiving, a feedlot bloat ration. Bryant et al. 
(I960), however, did not detect differences in the number 
and type of bacteria cultured from ingesta of bloating and 
nonbloating cattle. 
Bartley et al. (1961) tested the effect on frothy bloat 
of inoculation of empty rumina of identical twin cows with 
either autoclaved or fresh rumen fluid. They concluded that 
microflora are involved in bloat and that bloat is not the 
result of simple physical breakdown of feed since it took 
1 to 2 days longer after inoculation with autoclaved ingesta 
for animals to bloat readily than animals inoculated with 
fresh ingesta, even though almost optimum amounts of forage 
were consumed and normal cellulose digestion was exhibited 
in vitro. It was suggested that perhaps bloat depends upon 
the establishment of a certain concentration of microorgan­
isms . 
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Apparently animals, via inherent physiological pro­
cesses, have a high degree of autonomy insofar as rumen 
microorganisms are concerned. When all of the rumen con­
tents of an animal exhibiting feedlot bloat were exchanged 
by Hartman et al. (I960) with the contents of an animal 
which did not bloat in the feedlot, intraruminal pH, foam-
iness and types of lactobacilli present quickly reverted to 
pretreatment levels in both animals. However, feedlot bloat 
was induced by the administration of 200 gm. of sodium 
carbonate which also resulted in an elevation of intra­
ruminal pH (normally below pH 5.5), changes in the types of 
lactobacilli present and a marked increase in streptococcus 
counts. A single dose of 7 gm. of sodium hydroxide or con­
tinued feeding of 25 gm. of sodium carbonate resulted in 
subsequent production of intraruminal foam and elevated 
streptococcus counts but only temporary effects were noted 
on ruminai pH and numbers and types of lactobacilli present. 
The authors (Hartman et al., I960) concluded that the ionic 
environment was important in the etiology of bloat and that 
the microbial balance of the rumen may be altered by regu­
lation of the inorganic constituents of the diet. 
3. Factors contributing to foam formation 
Mangan (1959) investigated the foaming properties of 
rumen liquor, bovine salivary mucoprotein, cytoplasmic 
protein from red clover, and saponins from various pasture 
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legumes. Correlations obtained between foam strength and 
pH values normally found in the rumen indicated that cyto­
plasmic protein was the major foaming agent. Boda et al. 
(1957) have shown that the introduction of fresh eggwhite 
(a cytoplasmic protein) into the rumen produces moderate 
bloat in cattle given ground, dehydrated alfalfa. 
Conrad et al. (I960) report a high correlation between 
the concentrations of pectic substances and legume bloat. 
Results of Conrad and Dehority (1961) indicate that the 
polyuronides which are sources of acid soluble pectins 
account for most of the carbon dioxide produced by a fermen­
tation of alfalfa clippings in vitro. Polyuronides were be­
lieved to be primary plant compounds contributing to pasture 
bloat. In vivo and in vitro studies by Pressey .et al. 
(I960) showed that water soluble pectin of alfalfa consumed 
during grazing disappeared very rapidly from rumen contents 
while the remaining pectin was utilized very slowly. Also 
pectin was metabolized eight times more rapidly than its 
hydrolysate, galacturonic acid, when incubated with rumen 
liquor. Contrary to Conrad et al. (I960), no correlation 
between pectin content of alfalfa and incidence and severity 
of legume bloat was found by Pressey .et al. (.ça. 1962). 
Saponins have long been suspected as contributing to 
frothy bloat. Lindahl et al. (1957) appear to have been the 
first to have produced bloat with a saponin isolated from a 
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pasture legume. In addition to finding that saponins con­
tribute to froth formation, these authors also reported 
symptoms of toxicity. Shaw and Jackson (1957) have shown 
that legumes contain a substance which inhibits muscle 
respiration in vitro which may be associated with bloat 
(Jackson et al., 1959); this respiratory inhibitor later was 
identified as a saponin (Jackson and Shaw, I960). However, 
Barrentine (1960b) found no relationship between the saponin 
content and the bloat potential of several legumes; he also 
found little difference in the metabolism of saponin in the 
rumen contents of bloating and nonbloating steers (Bar­
rentine, 1960a). 
Ferguson and Terry (1955) found that bloat was produced 
with alfalfa juice after the chloroplastic material had 
been precipitated and the filtrate passed through an anion 
and a cation exchange resin. This suggested that the bloat 
provoking factor(s) were nonionic and not absorbed on resins, 
properties exhibited by saponins. They did not consider the 
possibility that foam inhibiting substances, perhaps in the 
chloroplasts, may have been removed. 
Head (1959) observed that constituents responsible for 
foaming in rumina of cows eating clover and alfalfa were 
carbohydrate, the main constituents being the sugars normally 
found in the pectin and hemicellulose fractions of plants. 
He suggested'that the foaming constituent appeared in 
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solution in the rumen liquor after the plant had been 
physically broken down and that it later disappeared, pro­
bably by the degrading action of microorganisms. Bartley 
and Bassette (1961) used essentially the same procedures for 
isolating the foaming constituents of intraruminal foam and 
identified many amino acids which indicated that the foaming 
constituent was proteinaceous. The conflict with Head*s 
results was attributed to differences in composition of the 
two foams. 
4. Experimental production of bloat with chemicals 
Epinephrine to stimulate the sympathetic and atropine 
to inhibit the parasympathetic nervous systems were adminis­
tered intramuscularly to ruminants consuming bluegrass 
pasture and alfalfa hay by Leffel and Komarek (1961). High 
level injections of either drug alone resulted in only 
slight tympany but simultaneous injections with both drugs 
resulted in many cases of severe bloat. It was found that 
orally administered tyrosine could replace epinephrine when 
used in conjunction with atropine in the experimental pro­
duction of bloat. Since tyrosine, in acid fermentations, is 
readily decarboxylated to form tyramine which is sympatho­
mimetic, it was suggested that precursors of sympathomimetic 
compounds may be instrumental in naturally occurring bloat. 
Since the eructation reflex is probably stimulated by neuro-
pressure receptors regulated by the autonomic nervous system, 
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the authors further postulated that inhibition of these 
receptors could raise the threshold pressure above that at 
which eructation will occur. Sympathomimetic and parasym­
pathomimetic compounds in the feed could then influence the 
threshold pressure and consequently the severity of bloat. 
27 
III. EXPERIMENTAL PROCEDURE 
This section of the dissertation is divided into two 
parts — one part describing field trials for testing 
bloat preventives and palatability studies, and the second 
describing methods used in laboratory analyses and miscel­
laneous procedures. 
A. Field Trials 
1. 1960 
Sixty-one dairy and beef animals were employed in the 
I960 pasture bloat experiments. All animals grazed together 
on alfalfa pasture from 7 to 10 a.m. and from 3:30 to 6:30 
p.m. A rotational grazing plan was followed on a 25-acre 
field of second-year alfalfa which was divided into 10 plots. 
As the season progressed a 19-acre field of first year 
alfalfa, divided into eight plots, was also used. Between 
grazing periods the animals were retained in a holding pen, 
near the pasture, where fresh water and trace-mineral salt-
were available. 
The animals were ranked on the basis of body weight; 
then they were divided into successive blocks of four ani­
mals each, starting with the heaviest. Animals within each 
block were assigned randomly, one to each of four experi­
mental groups. Group I was composed of 16 animals with an 
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average initial weight of 553 pounds. Groups II, III and 
IV were composed of 15 animals each with average initial 
weights of 590, 572 and 5#2 pounds, respectively. Grain was 
fed at the average rate of 2 pounds per animal daily, usually 
just before the morning grazing. A group-feeding system was 
employed. The grain fed was a mixture of 64.7 percent ground 
shelled corn, 32.2 percent ground oats, 2 percent additional 
steamed bone meal and 1 percent additional salt. This mixture 
shall hereafter be referred to as "meal". 
Table 1 shows the dates when various treatments were 
started and the average levels of antibiotics fed per ani­
mal per day. When antibiotics were given in meal, the daily 
dose was mixed each morning in the quantity of meal fed to 
the group that day. When antibiotics were given via drinking 
water, the daily dose was mixed each morning in approximately 
the volume of water that the group would drink in 24 hours. 
As discussed by Johnson et al. (I960), the order in which the 
antibiotics were administered (Table 1) may have influenced 
the response. Carry-over effects other than "resistance" 
which had developed to a specific antibiotic, however, were 
not noted for periods greater than 3 days in length. 
The evaluation of treatments was based on visual ob­
servation, using scores from 0 (no bloat) to 5 (terminal) as 
described by Johnson et al. (1958b). Bloat scores were re­
corded during each hour on pasture. The "average daily max­
imum bloat severity" (ADM) is the sum of the daily maxima 
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(highest value for each animal during the day) divided by 
number of animals in the group. It has been found (Johnson 
et al.. I960) that an ADM score of greater than 0.4 usually 
indicates that some serious bloat (score 3 or higher) has 
occurred. Each animal was weighed at the beginning of the 
season, on July 19 and at the end of the season. 
During the period that Group IV received the P, E, T, 
C rotation in the drinking water, samples of the water were 
assayed for antibiotic activity by Dr. P. A. Hartman of the 
Department of Bacteriology at Iowa State University. The 
period of storage, at 4° C., before assay never exceeded 24 
hours. P, C and E levels were determined by methods sum­
marized by Kirshbaum and Arret (1959), except that 12.7 cm. 
paper discs were used instead of cylinders. The assay 
method used for T was identical to that used for E. 
The miscellaneous treatments administered to Group IV 
from June 17 to June 26, I960, consisted of various esters 
and injections of carbacol. Field testing of the bloat 
preventive actions of the esters was done in cooperation 
with J. H. Saylor of the Department of Biochemistry and Bio­
physics who had synthesized the esters and found them to 
reduce surface tension of rumen fluid in vitro (Saylor, I960). 
Each of three esters (didodecyl, didecyl, and dioctyl tetra-
propenylsuccinate) was administered to at least five animals 
(which had previously bloated frequently) in varying amounts 
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Table 1. Dates when treatments - were initiated in the 
respective groups and levels of antibiotics 
fed 1960a>b 
Date Group I Group II Group III Group IV 
May 27 Control 
Jun e 3 
June 4 
June 9 
June 10 
June 12 
June 17 
June 24 
June 27 
July 
July 
1 
4 
July 8 
July 11 
July 15 
July 18 
July 20 P-40, E-70, 
T-70 water 
P-35 
E-70 
T-70 
C-140 
0-140 
S-70 
P-35 
E-70 
T-70 
P-20, E-35, T-35, 
C-50, 0-50 
P-40, E-70, T-70, 
C-100, 0-100 
Control 
Polymyxin 
Control 
Misc. 
P-35, 
water 
E-70, 
water 
T-70, 
water 
C-140, 
water 
Control 
a Treatments were administered in meal except where 
water administration is indicated; P=procaine penicillin 
(meal) and potassium penicillin (water), E=erythromycin, 
T-tylosin base (meal) and tylosin tartrate (water), C= 
chloramphenicol, O=oxytetracycline, S«streptomycin. 
Levels indicated are in mg. per animal per day. 
k The antibiotics used in these studies were kindly 
supplied by the following: Burroughs, Wellcome and Co., 
polymyxin B sulfate; Eli Lilly and Co., erythromycin 
thiocyanate, tylosin base and tylosin tartrate; Merck Sharp 
and Dohme, procaine penicillin; Parke, Davis and Co., 
Chloromycetin powder; Chas. Pfizer and Co., oxytetracycline, 
potassium penicillin, and streptomycin sulfate. 
0 Miscellaneous treatments administered during the 
period June 17-26 consisted of various esters and in­
jections of carbacol. 
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Table 1. (continued) 
Date Group I . Group II Group III Group IV 
July 29 C-140 
Aug. 6 0-140 
Aug. 13 S-70 
Aug. 20 Control 
Aug. 27 ' P-35 
Sept. 3 E-70 
Sept. 9 
p-ao, E-140, 
T-I4O water 
T-70 Control 
Sept. 10 
Sept. 13 P-40, E-700, C-140 
T-70, C-100, 
0-100 meal 
Sept. 15 Experiment terminated 
and at various lengths of time prior to grazing. During 
this same period animals were also chosen to receive carba-
col injections in order to test the effect of a salivary-
stimulant on bloat prevention. The carbacol was adminis­
tered subcutaneously, 2 cc. just before the animals were 
turned out to graze and 1 cc. at the end of both the first 
and second hours of grazing. 
2. 1261 
Field trials in 1961 were designed to test extensively 
the effect of a combination of P, E, T, and S in bloat pro­
phylaxis. S was used in place of C and 0 (see I960 trials) 
because it was felt that it might extend the period of 
effectiveness beyond what could be expected from a PET com­
bination (P-40, E-70, T-70) and would be less expensive and 
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require less total antibiotic than a PETCO combination 
(P-40, E-70, T-70, C-100, 0-100). Eli Lilly and Company 
supplied the antibiotics used in these field trials in the 
form of PETS pellets (containing 40 mg. P and 70 mg. each of 
E, T and S per pound of pellets), PETCO pellets (containing 
40 mg. P, 70 mg. each of E and T, and 100 mg. each of C and 
0 per pound of pellets), and premixes which could be mixed 
with meal. The composition of the control pellets contain­
ing no antibiotic and the antibiotic pellets is shown in 
Table 2. The pellets were prepared in April and May, 1961. 
Assays were made by Eli Lilly and Company to determine pos­
sible losses of--antibiotic activity during pelleting and 
subsequent storage. 
One part of the 1961 studies, similar to those in 
I960, was conducted on pasture plots at Ames, Iowa. Seventy-
five dairy and beef steers were divided into five groups on 
the basis of preliminary weights and allowed to graze al­
falfa as described for the I960 trials. A 19-acre field of 
second-year alfalfa, an l#-acre field of first-year alfalfa, 
and a 1 l/2-acre plot of first-year alfalfa were utilized. 
Many of the plots were irrigated with approximately 4 inches 
of water in early July, 1961. The animals received hay 
during rainy periods when grazing would have damaged the 
plots. 
Grazing was begun on May 22, I960, with only nine ani­
mals per group, six more animals per group were added on 
Table 2. Dates when treatments were initiated in the respective groups, levels 
of antibiotics fed, and number of animals pergroup, 196la 
. — 
animals 
Date per Group I Group II Group III Group IV Group V 
• group 
May 22 9 Control-lb P-40, E-70, PETS-10 PETS-1 PETCO-ld 
T-70, S-70, 
salt 
May 26 15 
a The pellets and premixes of antibiotic combinations used in these studies 
were kindly supplied by Eli Lilly and Co.; P=procaine penicillin, E=erythromycin, 
T=gelatin stabilized tylosin phosphate, S=streptomycin sulfate, C=chloramphenicol, 
and O=oxytetracycline. The levels, where indicated, are in mg. per animal per 
day. 
b Control-1 indicates that animals received 1 pound per animal daily of 
pellets consisting of 90 percent wheat middlings and 10 percent molasses. 
Control-2 indicates that animals received 2 pounds per animal daily of such 
pellets. 
0 PETS-1 indicates that animals received 1 pound per animal daily of pellets 
(90 percent wheat middlings and 10 percent molasses) containing 40 mg. P, 70 mg. 
E, 70 mg. T, and 70 mg. S per pound of pellets. PETS-2 indicates that animals 
received 2 pounds per animal daily of these pellets. 
 ^PETCO-1 indicates that animals received 1 pound per animal daily of 
pellets (90 percent wheat middlings and 10 percent molasses) containing 40 mg. P, 
70 mg. E, 70 mg. T, 100 mg. C, and 100 mg. 0 per pound of pellets. 
Table 2. (continued) 
Date 
June 5 
June 14 
June 22 
July 5 
July 10 
v July 12 
July 17 
Aug. 10 
Aug. 25 
Aug. 26 
Sept. 5 
Sept. 20 
Sept. 26 
No. 
animals 
per 
group 
Group I Group II Group III Group IV Group V 
Control-2 P-40, E-70, 
T-70, S-70, 
meal 
PETS-2 
15 
10 
Experiment terminated 
Control-1 
PETS-1 
PETS-2 
Control-2 
PETS-2 
Control-2 
PETS-2 
Control-2 
PETS-2 
Control-2 
PETS-2 
P-40, E-70, 
T-70. C-100, 
0-100, meal 
e One animal was removed from the control group on this date because of 
blindness caused by a pink-eye infection. 
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May 26, 1961. Animals were weighed after they all had at 
least a 2-day adjustment period to alfalfa forage and weights 
were obtained every 28 days thereafter. Each weight used to 
compare effect of treatment is the average of two daily 
weighings. 
Groups I, II, III, IV, and V were each composed of 15 
animals with average weights of 540, 55O, 538, 550, and 542 
pounds, respectively on May 28, 1961. Group I served as 
control. Group II received P, E, T, and S in combination 
in loose salt initially and later received the combination 
via meal. Group III received 1 pound of PETS pellets per 
animal daily initially; later the level was increased to 2 
pounds. Group IV received the same treatment as Group III 
except that control pellets were fed during periods when 
bloat seemed unlikely because of the nature of the forage. 
During the early part of the experiment, Group V received 
1 pound of PETCO pellets per head daily and later received 
this combination in meal. Table 2 shows the dates when 
various treatments were started, the average levels of anti­
biotics fed per animal daily, the method in which anti­
biotics were given, and the number of animals per group. 
When antibiotics were given in meal, the daily dose was mixed 
each morning in the quantity of meal fed to the group that 
day. When antibiotics were given in loose salt, the daily 
dose was mixed each morning in approximately the amount of 
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salt the group would eat in 24 hours. Animals received 
pellets, meal or salt on a group-feeding basis. 
Late in the grazing season available forage was limited, 
so animals from each group were culled to reduce numbers to 
10 animals per group. 
In addition to the studies at Ames, pastures at two 
other Iowa State University farms, at Napier, Iowa, and 
Gastana, Iowa, were used. At Napier, two groups of steers 
were allowed to graze separately on comparable 6-acre plots 
of mixed legume pasture (alfalfa, red clover, ladino clover, 
alsike clover) from May 22 to September 26, 1961. The groups 
were rotated to fresh plots at approximately 2-week intervals 
and in s equence so that each group was allowed to graze each 
plot. The treated group consisted of 23 choice Hereford 
and Angus steers, borrowed from a beef breeding experiment, 
which received 1 pound of PETS pellets per animals per day 
early in the season and were increased to 2 pounds per ani­
mal daily on June 24. The control group consisted of 12 Hol-
stein, 7 Angus, and 4 Hereford steers which received control 
pellets at a 1 pound level early in the season and were in­
creased to 2 pounds per animal daily on June 24. The animals 
were not blocked and assigned to groups as described for the 
Ames studies, hence there was an obvious breed and weight dif 
ference (controls averaged approximately 700 pounds and the 
PETS group 580 pounds initially). Animals were weighed 
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during the summer for an evaluation of treatment effect on 
rate of gain. The average of two daily weighings was used 
for weight gain comparisons. 
At Castana, Iowa, two groups of steers (15 per group) 
which were blocked and divided on the basis of body weight 
received control and PETS pellets, respectively, at the 
level of 1 pound per animal daily while grazing alfalfa from 
May 18 to September 12, 1961. A field was divided into two 
comparable plots and the two groups were allowed to graze 
separately on these two plots. 
The effectiveness of PETS was also tested in 12 herds 
of cattle owned by farmers who cooperated with Iowa State 
University in these studies. Farmers were contacted through 
County Extension directors and enlisted as cooperators if 
they were: 
1. Willing to divide animals into two groups - a 
control group of at least 15 animals which would 
receive control pellets and a treatment group 
of at least 15 animals which would receive 
PETS pellets. Milking dairy cows were not used. 
2. Willing to divide a field equally so the control 
group and the PETS group could be separated and 
have access to water and grain bunks for feeding 
of pellets. 
3. Using pastures which seemed capable of producing 
bloat. 
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4. Willing to score the cases of bloat and record 
the number of bloated animals of different 
bloat scores each day. 
The farmers were supplied with control and PETS pellets 
to be fed at the rate of 1 pound per animal per day. In 
total, 309 control animals and 391 receiving PETS pellets 
were employed. They were expected to handle their animals 
in any manner they desired in the event of serious bloat. 
Sheep were also utilized for evaluation of PETS pellets on 
four farms. Appendix Table 13 gives the names and addresses 
of cooperators. 
Two herds of beef cows and calves (20 cows, 17 calves 
and 1 bull in one group; 21 cows, 12 calves and 1 bull in 
the other) were allowed to graze legume mixtures on 6-aere 
plots on the Iowa State University farm at Napier, Iowa. 
One group (9 cows, 7 calves and 1 bull early in the season 
and increased to 20 cows, 17 calves and 1 bull later in the 
season) received 1 pound of PETS pellets at first and were 
later increased to 2 pounds per cow per day. The other group 
received per cow, 1 pound of meal (containing P-40, E-70, 
T-70, and S-70) for 39 days; 2 pounds of meal providing 
double the original levels of antibiotic for 20 days; 1 pound 
of meal containing a combination of oleandomycin-100, chlora-
mphenico1-100, and oxytetracycline-100 for 7 days; and fin­
ally a combination of oleandomycin-150., chloramphenicol-150 
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and oxytetracycline-150 for 7 days. The only control group 
for evaluation of treatments was that mentioned earlier for 
the Napier field trial. 
3. Pallatabilitv studies 
Thirty pregnant dairy heifers, 20 yearling dairy 
heifers, 33 steers, and 16 dry dairy cows which had not been 
previously exposed to antibiotics were used to test the ef­
fect of certain changes in the PETS combination (gelatin 
coating of erythromycin and elimination of streptomycin) on 
initial palatability, the occurrence of diarrhea and other 
adverse reactions sometimes associated with feeding anti­
biotics to ruminants. Rate of consumption was used as a 
measure of palatability. 
PETS, PETS (E gelatin coated), and a combination of P-40, 
E-70 and T-70 were each administered to 10 pregnant heifers 
grazing orchard grass pasture. PETS and P-56, E-97, T-97, in 
combination were fed to yearling heifers grazing orchard grass 
pasture (10 heifers on each treatment), to steers on mixed le­
gume pasture (11 steers received P-56, E-97, T-97 and 12 steers 
received PETS), and to dry cows being fed hay and silage (& dry 
cows on each treatment. Steers on alfalfa pasture were fed dif­
ferent levels of streptomycin (5 steers received S-70 and 5 re­
ceived S-250). In all cases the antibiotics were fed in meal 
was fed alone at the rate of 2 pounds per head daily for the 
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steers and mixed with grain and fed at the rate of 4 pounds 
per head daily to females. Control animals were fed simi­
larly except the antibiotics were excluded. 
Four other steers (average weight of approximately 250 
pounds) and receiving a diet of alfalfa hay ad libitum and 
4 pounds of meal daily were fed P-40, E-70 and T-70. 
To explore further the possible relationship of the 
adverse effects sometimes accompanying initiation of anti­
biotic feeding to the type of diet, four Holsteins weighing 
approximately 500 pounds and receiving 10 pounds of grain 
per animal daily plus alfalfa hay free choice were fed P-40, 
E-70, T-70, and S-70 in meal. Four similar animals receiving 
a diet high in alfalfa hay (where the grain was 1 pound per 
animal daily) were also fed P-40, E-70, T-70, and S-70 in 
meal. Samples of rumen fluid were taken before and after 
feeding of antibiotics was initiated for bacteriological 
study. 
B. Laboratory Methods and Miscellaneous 
Procedures 
1. Sampling of rumen fluid 
A rumen fluid suction strainer similar to that described 
by Raun (1961) was used for rumen fluid collections. The 
strainer was coupled to a 6 foot length of 1/4 inch outside 
diameter rubber tubing (suction tube) which was threaded 
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inside a 5 foot length of a 1/2 inch inside diameter stomach 
tube. The rumen fluid suction strainer was pushed into the 
rumen with the stomach tube and the strainer was allowed to 
gravitate into the fluid layer. The 1/4 inch suction line 
was then connected to a 50 ml. plastic hypodermic syringe and 
20-30 ml. of fluid was drawn to flush the line and discarded. 
After expelling the liquid, the syringe was again connected 
to the suction line and 50 ml. of rumen fluid drawn for the 
sample. The tubes and strainer were then withdrawn from the 
animal and washed before sampling other animals. 
In bacteriological studies where small steers (400-
550 pounds) were used, the same sampling procedure as used 
by Raun (1961) with lambs was employed. This involved 
passing the suction tube through a 24 inch section of 3/4 x 
18 inch rubber tubing (guide tube). The guide tube was used 
to push the strainer over the animal's tongue and past the 
epiglottis, then the strainer with the connected suction 
tube was released and the animal was allowed to swallow the 
strainer. After the strainer had entered the rumen, samples 
were taken as before. It was found that larger animals 
would not swallow the strainer. 
Two mercuric chloride tablets (1 1/2 grains mercuric 
chloride/tablet) for preservative, were added to 50 mlt 
samples which were ;baken for chloroplast, lipid or fatty 
acid determination. Samples for lipid and fatty acid analyses 
were frozen and stored in this state until analyzed. 
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2. Determination of relative chloroplast concentrations 
in rumen fluid 
Separation of chloroplasts from rumen fluid was made by 
adaptation of the method of Arnon et al. (1956). Rumen 
fluid was first centrifuged for 1 minute at 200 x G. in an 
International centrifuge to remove large particles. 
Then 25 ml. of the supernatant from the first centri-
fugation was centrifuged at 1000 x G. for 7 minutes to 
remove whole chloroplasts. The precipitate from the second 
centrifugation was then extracted with 20 ml. of 80 percent 
acetone, filtered, and brought to 25 ml. volume. Chloro­
phyll concentration was determined photometrically in mil­
ligrams per liter of 80 percent acetone by the formula 
C = 20.2 + 8.02 D^ £2 where C equals the concentration 
of chlorophyll a plus chlorophyll b and D the density 
values at the respective wavelengths as obtained on the 
Beckman spectrophotometer (see Arnon, 1949). Concentra­
tions of total chlorophyll were then calculated on the basis 
of mg. per 100 ml. of rumen fluid and used as a relative 
index of the number of whole chloroplasts per 100 ml. of 
rumen fluid. 
The supernatant from the second centrifugation (where 
whole chloroplasts were removed) was centrifuged in a 
Servall centrifuge at 18,000 x G. for 30 minutes to pre­
pare cell-free rumen fluid. The precipitate from this step 
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was extracted with 80 percent acetone and chlorophyll con­
centrations were determined as before and used as relative 
measures of the concentrations of chloroplast fragments in 
rumen fluid. In a few instances, chlorophyll concentrations 
in the precipitate of the first centrifugation were also 
determined. High chlorophyll concentrations in this fraction 
due to presence of alfalfa particles, made it necessary to 
extract the precipitate repeatedly with 30 ml. portions of 
80 percent acetone until no more green color could be re­
moved, bring to 1000 ml. volume and determine chlorophyll 
photometrically as before described. 
3. Determination of lipid content in cell-free rumen fluid 
A Mojonnier procedure, similar to that used by Nashif 
and Nelson (1953) and Hill (1950) was employed for extrac­
tion of lipids. Ten ml. of cell-free rumen fluid (rumen 
fluid centrifuged at 18,000 x G. for 30 minutes) was added 
to a Mojonnier flask and acidified with 0.3 ml. of 25 per­
cent sulfuric acid. Two ml. of 95 percent ethanol was 
shaken with the fluid. The fluid was then extracted three 
times with 20 ml. of ether-Skellysolve B (2:3) mixture. 
The lipid extracting solvent was evaporated in Goldfish 
beakers, the beakers dried at 105* C, and lipid content 
determined gravimetrically. Cell-free samples were frozen 
and stored until analyses could be made. 
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4- Measurement of the metabolism of chloroplast lipid in 
vitro 
Samples of rumen fluid were obtained" from antibiotic-
treated and control animals before the morning grazing period 
and transported to the laboratory in vacuum bottles. Four 
10 ml. samples of fluid from each animal (2 samples with 
added chloroplast suspension and two without chloroplast 
suspension) were incubated in a Dubnoff metabolic shaking 
incubator at 38-39° G. under a slow stream of C02 for 24 
hours. The chloroplast solution was prepared by macerating 
fresh alfalfa tops for 60 seconds in a Waring Blender, 
squeezing the macerated material through cheese cloth, 
centrifugation at 200 x G. for 1 minute, and recentrifuging 
the supernatant at 1000 x G. for 7 minutes (Arnon _et al.. 
1956). Precipitates from the final centrifugation consti­
tuted the chloroplast suspension. Approximately 2 ml. of 
precipitate was suspended in 0.35 molar sodium chloride and 
added to 10 ml. of rumen fluid for incubation. 
After the specified incubation time, the samples were 
removed and 10 ml. of 95 percent ethanol was added to stop 
fermentation. Extraction of lipid, was carried out as des­
cribed earlier except that four 40 ml. aliquots of the ether-
Skellysolve B (2:3) were used in the extraction procedure. 
The combined extracts were added to 40 ml. methanol in a 
250 ml. beaker and titrated, using a pH meter, to the 
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greatest difference in pH caused by the addition of 0.05 
ml. of base (.04290 N KOH in methanol). 
The laboratory procedures were performed by Dr. F. 0. 
Hill in the Department of Biochemistry and Biophysics using 
incubation and extraction procedures similar to those des­
cribed by Hill (I960). 
5. Determination of total volatile fatty acids and their 
ratios in rumen fluid 
The determinations of total volatile fatty acids and 
their ratios were made under the direction of Dr. A. D. 
McGilliard in the Department of Animal Husbandry using the 
procedure presented by Raun (1961). This procedure in­
volved steam distillation of cell-free fluid with subse­
quent titration of total acidity and determination of acid 
ratios by gas phase chromatography. 
6. Microbiological studies 
The effect of the, PETS antibiotic combination on rumen 
microflora was investigated under the direction of Dr. P. A. 
Hartman in the Department of Bacteriology. Differential 
counts of Gram positive and Gram negative bacteria were 
made on stained smears of rumen fluid obtained from animals 
before and during administration of various levels of an 
antibiotic combination. In the first trial, eight steers 
weighing approximately 500 pounds and receiving alfalfa-
grass which was green-chopped daily were divided into two 
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equal groups and rumen samples were taken for 3 days before 
and 5 days after daily administration of P-40, E-70, T-70, 
and S-70 by balling gun was initiated in one group of ani­
mals. In the second trial, 16 steers weighing approximately 
500 pounds and receiving the alfalfa-grass forage mentioned 
above were divided into two groups of eight steers. Two 
steers in each group had been exposed to a PETS combination 
previously. One group received P-40, E-70, T-70, and S-70 
in meal for 2 days; then the levels were doubled and after 
3 days the levels were doubled again to four times the 
original. 
The other group was divided into four pairs which re­
ceived, respectively 0, 1, 2, and 2 times the regular PETS 
levels for first 2 days; 0, 1, 4» and 4 times for the next 
3 days and finally 4, 1, 8, and 8 times the regular P-40, 
E-70, T-70, S-70 levels. The two steers which were pre­
viously exposed to antibiotics received 2, 4 and 8 times 
regular levels of PETS for these periods. Rumen samples 
were obtained to ascertain the effect of PETS on numbers of 
bacteria in the rumen. 
7. Measurement of intraruminal pressure 
Intraruminal pressures were measured manometrically. 
A 3 foot section of 1/4 inch tygon tubing was attached to a 
48 inch slack tube manometer filled with water and to a 6 
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inch, 10 gauge needle which was inserted into the dorsal 
cavity of the rumen in the paralumbar fossa region. A 
three-way valve was inserted in the middle of the tubing and 
an 8 ounce syringe bulb was attached so that squeezing of 
the bulb would clear material blocking the needle entering 
the rumen. The valve was then turned so that rumen pres­
sures were transmitted directly to the manometer. Pressure 
readings were recorded in inches of water and converted to 
mm. Hg. 
8. Bolus trials 
Ten gm. boluses' composed of 9 gm. aluminum stearate and 
1 gm. PETS (P-160, E-280, T-280, S-280) were given to fistu-
lated steers by balling gun and the rumens of these steers 
were searched periodically to determine how long the boluses 
remained. Similar boluses to which iron had been added to 
double the density were also tested. These boluses were 
prepared by Eli Lilly and Company. 
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IV. EXPERIMENTAL RESULTS 
A. Field Trials 
1. Effect of administration of antibiotics in rotation and 
in combination. I960 
The results of rotational feeding of antibiotics in meal 
are presented in Figure 1 and Table 3. The rotation, con­
sisting of P-35, E-70, T-70, C-I40, 0-140, and S-70 (the 
numbers indicating milligrams per animal per day), prevented 
serious bloat during the first 6-week period. Bloat scores 
in the control group were low during the first administration 
of P and of E, thus making evaluation difficult. There was, 
however, much less bloat in the treated group; this obser­
vation, the data of Johnson et al. (I960), and other results 
presented in this paper affirm the efficacy of these two 
treatments. Although streptomycin appeared to reduce bloat, 
one animal (score 3) required treatment and several cases of 
mild bloat occurred during the first streptomycin-feeding 
period. Also, serious bloat in the control group occurred 
on only 1 day of that week. 
When the cycle was repeated, control was not so complete 
as desired during penicillin administration and was defin­
itely inadequate during erythromycin administration, indi­
cating that "resistance" had not completely disappeared after 
a 5-week period of non-exposure to each antibiotic. After 
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this period of erythromycin feeding there followed a long 
period of very low bloat in all groups, probably due to dry 
weather and a lack of good pasture. During this time, 
sequential feeding of antibiotics was continued as in the 
first rotation period; however, subsequent to streptomycin 
no antibiotic was fed for 1 week, thus extending to 6 weeks 
the period of non-exposure to each antibiotic. Essentially 
no bloat occurred in Group II during the week in which no 
antibiotic was fed, thus making it more difficult to inter­
pret succeeding data. In the third cycle, penicillin may 
have been effective (if bloating potential had been regained 
by this group), erythromycin seemed to be more effective 
than it had been following a 5-week interim, but tylosin and 
chloramphenicol were not effective. It appears, therefore, 
that the interim necessary for an effective rotation is 
greater than 6 weeks, and that the time required for disap­
pearance of resistance may vary among antibiotics. 
The most effective treatment was the combination of 
five antibiotics fed in meal to Group III (Figure 2 and 
Table 3). From May 27 to June 8, levels of P-20, E-35, T-35, 
C-50, and 0-50 were administered. On June 8, however, two 
cases of serious bloat (score 3) occurred in that group; 
consequently the antibiotic levels were doubled (P-40, E-70, 
T-70, C-100, and 0-100) on subsequent days. The latter 
levels resulted in excellent control until 3 days after the 
Effects of feeding antibiotics in rotation 
upon the average daily maximum bloat severity, 
I960 (P=penicillin, E=erythromycin, T=tylosin, 
C=chloramphenicol, O=oxytetracycline, S=strepto-
mycin). Numbers following the letters indicate 
milligrams per animal per day. 
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Table 3. Effect of antibiotic feeding on bloat and weight 
change of cattle, I960 
tfo. Mean max. No. cases of Mean daily wt. 
Group animals bloata bloat of score gain, lb. 
3 or above 
Rotation of antibiotics fed in the grain (May 27™July 7, 
I960, inclusive) 
Control, 16'k .442 30 • .74e 
Treated 15 .091 Ie 1.34e 
Rotation of antibiotics fed in the grain (July 8-Sept. 9, 
I960, inclusive) 
Control, 15 .337 60 .82* 
Treated4 15 .079 7 1.15f 
Combination of antibiotics fed in the grain (May 27-Sept. 8, 
19o0, inclusive) 
Controls 16® .362 81, .78 
Treated 15 .037 2n 1.34 
a Mean of "average daily maximum bloat severities". 
b One animal died of bloat during this period. 
c The mean daily weight gain was for the period May 
27-July 19, I960, inclusive. 
 ^See Table 1 for antibiotic feeding schedule. 
e The one case of bloat that required treatment 
occurred during the feeding of streptomycin. 
f The mean daily weight gain was for the period of 
July 20-September 12, I960, inclusive. 
S Two animals died of bloat during this period. 
h These two cases occurred on June 8; no bloat of 
score 3 or higher was observed after the antibiotic feeding 
levels were increased. 
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Table 3• (continued) 
No. Mean max. No. cases of Mean daily wt. 
Group animals bloat bloat of score gain, lb. 
3 or above . 
Combination of antibiotics administered in the drinking 
water (July 20-Sept. 9, I960 inclu­
sive) 
Control, 15b .254 41. .82 
Treated 15 .041 41 1.45 
1 Three of these cases occurred during the last two 
days when effect of treatment was waning. Likewise, these 
cases account for a major portion of the bloat represented 
by the .041 "mean maximum" in the treated group. 
last day of administration on September 8. Group III was 
exposed to the combination for 105 days without any indi­
cation of the development of antibiotic resistance. 
The effects of antibiotics administered in rotation in 
the drinking water are presented in Figure 3. P™35, E-70 
and T-70 were effective bloat preventives; C-I4O, however, 
was ineffective. The level of administration of penicillin 
represents milligrams per animal per day of either procaine 
penicillin (meal) or potassium penicillin (water), the latter 
having greater activity per gram. Therefore, the number of 
units of penicillin added to the water was about 50 percent 
higher than that added to the grain. For all other anti­
biotics, the indicated levels in either meal or water repre­
sent milligrams per animal per day of the actual antibiotic* 
The antibiotic assays, made on drinking water samples during 
Figure 2. Effects of feeding antibiotics in combination 
upon the average daily maximum bloat severity, 
I960 (P=penicillin, E=erythromycin, T=tylosin, 
C=chloramphenicol, O=oxytetracycline). 
Numbers following the letters indicate mil­
ligrams per animal per day. . , 
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Figure 3. Effects of administering antibiotics in 
rotation in the drinking water upon the 
average daily maximum bloat severity, I960 
(P=penicillin, E=erythromycin, T=tylosin, 
C=chloramphenicol). Numbers following the 
letters indicate milligrams per animal per 
day. 
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this rotation, indicated that erythromycin was quite stable 
for a period of 24 hours. Penicillin and tylosin were less 
stable, and there was an indication that the major part of 
the loss in activity occurred soon after addition to the 
water. Chloramphenicol was not readily soluble in water and 
its stability was quite low; these two factors probably ac­
counted for its ineffectiveness as a bloat preventive when 
administered in water. Water temperatures reached a maximum 
of 31° C. and the pH was approximately 7.4 during these 
trials. 
On July 20, Group IV was switched to control and Group 
I was used to test P-40, E-70 and T-70 given in combination 
via the drinking water. The results, Figure 4 and Table 3, 
show that this combination was effective until September 9, 
a period of 51 days, after which serious bloat began to 
occur. Doubling the P, E and T levels in the drinking water 
on September 10, 11 and 12 did not control bloat, nor did the 
combination of P-40, E-70, T-70, C-100 and 0-100 given in 
the grain on September 13 and 14. These results indicate 
that increasing antibiotic levels does little good once re­
sistance has developed. Why chloramphenicol and oxytetra-
cycline were not effective when introduced on September 13 
is not clear. 
Polymyxin administration to Group IV from June 4 to 
June 11 had no effect on bloat severity when fed at 
Figure 4» Effects of administering antibiotics in com­
bination in the drinking water upon the 
average daily maximum bloat severity, I960 
(P=penicillin, E=erythromycin, T=tylosin). 
Numbers following the letters indicate 
milligrams per animal per day. 
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successive levels of 35, 70, 140 and 2d0 mg. per animal per 
day. Polymyxin, a very active antibiotic against Gram 
negative bacteria, was tested because Garner (195Ô) had re­
ported that its use in treatment of sheep resulted in notice­
able frothing of rumen fluid. From the standpoint of bloat 
etiology, it would be of interest to discover antibiotics 
which might increase the degree of bloat. Moreover, the 
most effective antibiotics so far examined for use in bloat 
prophylaxis are primarily active against Gram positive 
organisms. 
In no case did the administration of antibiotics have 
any apparent adverse effects on the animals. Average weight 
gains per animal in the period from May 27 to July 19, when 
a change in treatment was made, were: Group I (control), 
39 pounds ; Group II (rotation), 71 pounds ; Group III {P, E, 
T, C and 0 combination), 79 pounds ; and Group IV, 67 pounds. 
Gains in the period from July 19 to September 12 were: 
Group I (P, E and T combination), 00 pounds ; Group II 
(rotation), 63 pounds ; Group III (P, E, T, C and 0 combination) 
66 pounds ; and Group IV (control), 45 pounds. The four ani­
mals which died during the season were omitted in calcula­
tion of the average gains. 
Appendix Tables 14 and 15 show the bloat data collected 
on each day of the I960 season. 
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2. Effect of administration of antibiotics in combination. 
1961 
The combination used in most of the trials in 1961 con­
sisted of P-40, E-70, T-70, and S-70 (the numbers indicating 
milligrams per animal per day). In the Ames trials one group 
of animals (Group II) received a combination of PETS in salt 
initially. When, on June 20 and 21, it was found that salt 
administration did not control bloat as completely as desired, 
the group was switched to a PETS combination in meal on June 
22. These results are presented in Figure 5 and Table 4. 
Although bloat scores in the control group were fairly low 
throughout the summer, it appears that PETS in meal gave 
much better protection than PETS in salt. 
The results of feeding the PETS combination in pellets 
continuously (Group III) and intermittently (Group IV), are 
shown in Figures 6 and 7 and Table 4» Although 1 pound of 
PETS pellets reduced bloat somewhat, increasing the levels 
to 2 pounds per steer per day on June 22 resulted in much 
more complete control. 
Figure 8 and Table 4 show the results of feeding the 
PETCO combination in pellets initially and in meal after June 
22. As with the other treatments, the test of bloat obtained 
on June 20 and 21 indicated that the PETCO combination in 
pellets was not effective in preventing serious bloat. How­
ever, feeding the P-40, E-70, T-70, C-100, and 0-100 in 
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Table 4* Effect of antibiotic feeding on bloat, 1961 
No. cases of No. cases of 
a No. Mean max. bloat of bloat of 
Group animals bloat" score 1 and score 3 or 
2 above 
Ames - combination of antibiotics fed from May 22-June 21, 
inclusive 
Control 15 .215 46 6 
PETS-salt 15 .069 16 1 
PETS-1 15 .057 18 0 
PETS,1, 
inter­
mittent 15 .032 10 1 
PETCO-1 15 .074 21 0 
Ames - combination of antibiotics fed from June 22-Sept.26, 
inclusive 
Control I5?>d .100 70 15 
PETS-meal 15? .009 11 0 
PETS-2 15d .011 7 2 
PETS-2, .... 
inter- d 
mittent 15, .004 5 0 
PETCO-meal 157 .016 17 . 0 
Napier - combination of antibiotics fed from May 22 -
June 23, inclusive 
Control 23 .188 65 16 
PETS-1 23 .028 18 1 
a See Table 2 for meaning of symbols and antibiotic 
feeding schedules. 
k Mean of "average daily maximum bloat severities". 
c One animal was removed on July 12 because of blind­
ness due to a pink-eye infection. 
d The number of animals was reduced to 10 per group 
on August 25, 1961. 
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Table 4- (continued) 
No. cases of No. cases of 
a No. Mean max. bloat of bloat of 
Group animals bloat score 1 and score 3 or 
2 above ; 
Napier - combination of antibiotics fed from June 24™ 
Sept. 26, inclusive 
Control 23 .141 198 18 
PETS-2 23 .033 59 2 
combination in the meal, as in I960, after June 22 greatly 
improved the effectiveness. 
Incidence and severity of bloat in the control group 
were low compared with I960 and evaluation of treatments is 
more difficult when days on which antibiotic preventives 
are critically tested are so few and far apart. However, 
it was concluded from the data collected, that the treat­
ments administered after June 22 (PETS meal, PETS pellets 
continuously, PETS pellets intermittently, and PETCO meal) 
were effective for the remainder of the grazing season. 
These groups were exposed to either PETS or PETCO combina­
tions for 128 days without any indication of the development 
of antibiotic resistance. Data at Napier also indicated that 
resistance had not developed to PETS (in pellets) after 128 
days. Table 4 shows the bloat which occurred in control 
andjPETS groups at Napier. Although bloat control was good 
in the PETS group from May 22 to June 23, because of one 
Figure 5. Effects of administering antibiotics in com­
bination upon the average daily maximum bloat 
severity, 1961 (P=penicillin, E=erythromvcin, 
T=tylosin, S=streptomycin). Numbers follow­
ing the letters indicate milligrams per . 
animal per day. 
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Figure 6. Effects of administering antibiotics in com­
bination in pellets upon the average daily 
maximum bloat severity, 1961 (P»penicillin, 
E=erythromycin, T-tylosin, S=streptomycin). 
Numbers indicate pounds per animal per day 
of pellets which contain 40 mg. P, 70 mg. E, 
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Figure 7. Effects of administering antibiotics inter­
mittently in combination in pellets upon the 
average daily maximum bloat severity, 1961 
(P=penicillin, E=erythromycin, T=tylosin, 
S=streptomycin). Numbers indicate pounds 
per animal per day of pellets which contain 
40 mg. P, 70 mg. E, 70 mg. T, and 70 mg. S 
per pound. 
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case of bloat score 3 and the prior results in the Ames 
experiment, the feeding level of PETS pellets was increased 
to 2 pounds per steer per day thereafter. Excellent bloat 
control was observed throughout the season. Much of the 
bloat which did occur in the PETS group was attributed to one 
animal. Appendix Tables 16 and 17 show the daily bloat data 
collected in the Ames trials and Appendix Table 1# shows the 
daily data for the Napier trials. 
Table 5 summarizes all results of 1961 field trials 
testing' the PETS combinations with data collected from 12 
herds of cattle owned by cooperating farmers and three Iowa 
State University herds (including the Ames and Napier herds 
already discussed). A total of 362 animals served as controls 
and 474 received PETS. Taking into consideration the numbers 
of animals in each group, the days oh pasture, and the severity 
of bloat in each group by calculation of an average daily 
maximum bloat score for each group, the use of PETS resulted 
in an overall reduction in bloat of 67 percent. 
In most cases, animals ate the PETS pellets for 1 or 2 
days, but after that time many refused these pellets. This 
was particularly true for animals started at 1 pound of 
pellets per animal per day. Usually it took about 1 week to 
get the animals to eat the PETS pellets again. No problem 
of palatability was encountered with the control pellets. 
Table 5 shows the relative extent to which this problem 
occurred. Feeding animals at lower levels for 2 to 4 days, 
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Table 5. Summary of field trials testing the effect of 
feeding a combination of penicillin, erythromycin, 
tylosin, and streptomycin for bloat prevention, 
1961 
No, No. cases bloated Initial 
a No. days to score : palatar" 
Farm Group animals on bility 
test 1 2 3 4 5 
Anderson Control 22 115 1 16 2 0 0 +++ 
PETS 22 115 0 0 1 0 0 -
Barkema Control 52 64 17 3 1 2 1 +++ 
PETS 52 64 1 0 0 0 0 -
Engelke Control 15 *4 70 20 2 1 0 +++ 
PETS 20 34 100 37 14 0 0 — 
Feldhacker Control 16 116 2 6 9 5 1 +++ 
PETS 28 116 0 3 2 0 0 -
Goeken-Bulls Control 32 18 0 0 0 0 0 +++ 
PETS 47 id 0 0 0 0 1 — — 
Goeken-HeifersControl 29 20 0 0 1 1 0 +++ 
PETS 65 20 0 0 0 0 1 -
Grooms Control 30 26 30 0 0 0 1 +++ 
PETS 30 26 5 0 0 0 0 + 
Harms Control 24 47 17 3 1 0 0 .  +  +  +  
PETS 25 47 3 1 0 0 0 -
G. Johansen Control 22 31 20 7 0 0 0 +++ 
PETS ia 31 17 1 2 1 0 — —  
P. Johansen Control 30 22 0 0 0 0 0 +++ 
PETS 30 22 0 0 0 0 0 + 
C. S. Lee Control 20 116 7 0 0 0 0 +++ 
PETS 36 116 1 0 0 0 0 -
Passehl Control 17 60 0 0 0 0 0 +++ 
PETS IB 60 0 0 0 0 0 + 
ISU-Ames Control 15 128 78 38 21 0 0 +++ 
PETS0. 15 128 19 6 2 0 0 — —  
PETS-Int. . 15 128 12 3 1 0 0 + 
PETS-premix 15 128 18 9 1 0 0 ++ 
a The control groups received 1 or 2 pounds of control 
pellets per animal per day and the PETS groups received 1 
or 2 pounds of PETS pellets per day. See Table 2 for com­
position of pellets. 
k The more positive the sign the better was initial 
palatability; the more negative the sign the poorer w$s 
initial palatability. 
0 There were only 10 animals in these groups the last 
32 days of the experiment. 
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Table 5. (continued) 
No. No. cases bloatedlnitial 
a No. days to score: palatar 
Farm Group animals on bility 
test 1 2 3 4 5 
Control 23 128 I84 79 27 7 0 +++ 
PETS 23 128 66 11 3 0 0 — 
Control 15 116 3 2 0 0 0 +++ 
PETS 15 116 0 2 1 0 0 -
An.davs 
Control 362 23,164 429 174 64 11 3 
PETS 474 33,325 242 73 27 1 2 
Average daily maximum bloat score: 
Control = .0435 
PETS = .0145 
and increasing the amount gradually, reduced but did not 
entirely eliminate this problem. Two farmer cooperators 
(Engelke and G. Johansen) experienced considerable difficulty 
in getting their animals to eat the PETS pellets. Engelke 
observed scouring and swelling of the vulvas of some of the 
heifers he was feeding. After several weeks the animals of 
both cooperators still refused to eat the pellets and were 
changed"to P-4O, E-70, T-70, and S-70 in meal. The meal form 
was eaten readily but did not prevent bloat. In the tabula­
tions in Table 5 all animals in groups offered PETS pellets 
were included in the summation of bloat cases even though they 
were not eating the pellets and hence would not receive pro­
tection. Most of the bloat in the PETS group occurred in 
ISU-Napier 
ISU-Castana 
Totals 
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animals which consumed little or none of the PETS pellets. 
At Napier, two groups of cows (with nursing calves) 
grazing mixed legumes received antibiotics but no control 
group was avilable for an unbiased estimate of bloat pre­
vention. In one group, which was fed PETS pellets, bloat con­
trol was inadequate at the 1 pound per cow per day level but 
it was much improved by increasing the level to 2 pounds per 
cow daily. In the other group, a combination of P-40, E-70, 
T-70 and S-70 in meal gave excellent control of bloat for 
20 days, after which the frequency of bloat began to increase. 
Doubling the levels of antibiotics did not reduce the inci­
dence of bloat so the group was switched to a combination of 
chloramphenico1-100, oxytetracycline-100, and oleandomycin-
100. Some reduction in bloat resulted but increasing the 
levels to chloramphenicol-150, oxytetracycline-150, and 
oleandomycin-150 seemed to be much more effective. The group 
of cows which received P-40, E-70, T-70, and S-70 in meal, 
showed no reluctance to eat the meal but several did have 
diarrhea and two of the 21 cows showed local swelling of the 
vulva 2 to 3 days after the antibiotic combination was first 
administered. These effects disappeared after 1 to 2 days. 
The PETS combination in pellets also was tested in four 
herds of sheep (approximately 400 ewes with lambs). The 
occurrence of bloat was so limited that it was not possible 
to obtain an evaluation of bloat prevention. However, as 
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with cattle, most of the sheep refused to eat the pellets 
after 1 to 2 days of feeding. Subsequently, it was diffi­
cult to induce them to eat pellets although once this was 
accomplished there was no further palatability problem. 
Antibiotics assyas of PETS pellets and of a PETS premix 
are shown in Table 6. Erythromycin was quite unstable in 
pellets as can be seen by the rapid loss of activity with 
increasing time after pelleting. Only 30 to 40 percent of 
the erythromycin activity remained after 8 to 10 weeks in 
storage. Apparently penicillin activity declined during the 
pelleting process but the remainder was stable in storage. 
Tylosin and streptomycin were quite stable. All antibiotics 
were stable when stored in the premix which was used with 
bloat trials where antibiotics were mixed daily with meal. 
The effect of antibiotic treatment on weight gains as 
determined in Iowa State University herds is shown in Table 
7 and Appendix Table 19. At Napier, the steers receiving 
PETS pellets gained significantly more than the control 
steers. The controls were heavier; however, any bias very 
likely would be in favor of the controls. Thus, this experi­
ment may have underestimated differences between treatments. 
Differences between control and antibiotic treatments at 
Ames and Castana were not significant, statistically; but in 
each, the antibiotic-fed animals had the greater weight gains. 
Even though the antibiotics were group-fed, individual steer 
Table 6. Assays of an antibiotic combination, 196ia'^  
Date Time from Antibiotic activity of pelleted samples as mg/lb. 
pelleted pelleting to Procaine Erythromycin Tylosin Streptomycin 
assay, days penicillin thiocvanate phosphate sulfate 
Theoretical, at pelleting 40 70 70 70 
time 
6-14-61 7 27.4 62.3 74.9 83.4 
5-18-61 34 22.4 31.4 64.1 80.9 
4-26-61 56 21.6 22.3 71.4 87.6 
4-12-61 70 26.5 28.3 68.1 74.7 
Antibiotic activity of premix as gm/lb. 
Theoretical, when prepared 8 14 14 14 
Premix 6.2 20.4 12.2 17.6 
\ i' 1 * 
a All sample assays were completed on June 21, 1961. 
b Assays were conducted by Eli Lilly and Company. 
o 
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Table 7• Effect of antibiotic feeding on weight changes 
in cattle, 1961 
Location Mean • 
of Group No. No. daily 
experiment animals days wt. gain 
Ames Control 14^  »b 117 1.38e 
Ames PETS, salt, 
meal 14a,b 117 1.55° 
Ames PETS, pellets 14a»b 117 1.47e 
Ames PETS, inter­
mittent 14a,b 117 1.47e 
Ames PETCO, pellets, A IK 
meal 14 ' 117 1.60e 
Napier Control 23 §4 1.24 
Napier PETS, pellets 23 84 1.56 
Castana Control 15 116 1.78 
Castana PETS, pellets 15 116 1.90 
One animal from each of these groups was excluded from 
weight gain tabulations because it was felt that failure of 
that animal to gain was due to the following reasons : blind­
ness due to pink-eye infection (control), failure to recover 
satisfactorily from dehorning (PETS, salt, meal; PETS, pellets; 
PETCO), and an undiagnosed illness (PETS, intermittent). 
b Over the last 33 days of the experiment there were 
only 10 animals in each group. 
0 These are average weight gains per animal day utiliz­
ing gains of 4 animals for #4 days and of 10 animals for 
117 days. 
gains were used as the experimental units in the statistical 
analyses since the animals were allowed to graze the same 
pasture and were under similar environmental conditions. In 
the Napier trial, all of the differences in weight gains be­
tween the two groups occurred during the period from July 28 
to August 25, 1961; in this period the controls did not gain. 
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3. Palatability studies 
These trials were conducted in an attempt to find the 
cause of certain transitory effects (poor initial palatability, 
occasional diarrhea,and with females, occasional local swel­
ling of the vulva) observed in a small proportion of animals 
receiving a PETS combination in field trials. Table 8 summar­
izes the results of each trial with palatability data ex­
pressed as percent of the eating rate on the first day"of 
antibiotic administration. The use of PETS (E gelatin - coated) 
did not improve palatability over that observed in regular 
PETS administration when each treatment was fed to 10 preg­
nant heifers. In both treatments, the animals ate very 
poorly by the second or third day. Feeding P-40, E-70, T-70 
in combination to 10 other pregnant heifers did not affect 
palatability as greatly; however, eating rate was much slower 
on the fourth day. With younger heifers, eating rate dropped 
markedly on the second day with PETS feeding but was not 
affected in the group receiving P-56, E-97, T-97. In this 
trial the level of PET was increased so that the total 
amount of antibiotic was the same as in PETS. In steers, on 
legume pasture, the eating rate in both groups decreased on 
the third day, but more in the PETS group than in those re­
ceiving P-56, E-97, T-97. Feeding either S-70 or S-250 did 
not have any adverse effect on five steers on alfalfa pasture. 
With dry cows, consuming hay and silage and 8 pounds grain per 
Table 8. Effect of different combinations of antibiotics on rate of consumption 
on antibiotic-containing meal 
| Percent of first day's eating 
Grain, lb. rate, on days after anti- Forage Comments 
Test group fed to Treatment biotics feeding initiated 
group ua i 2 3 4 5 
10 pregnant 
heifers 40 
10 pregnant 
heifers 40 
P-40, E-70, b 
T-70, S-70 100 65 41 38 -
P-40, E-70,100 33 -
(gelatin^  
coated) 
T-70, S-70 
orchard, brome 
grass pasture 
Orchard, brome 3 
grasspasture with 
diarrhea, 
1 swollen 
vulva 
10 pregnant 
heifers 40 
11 steers 
12 steers 
22 
24 
10 yearling 
heifers 40 
P-40, E-70,100 89 79 46 89 
T-70 
P-56, E-97, 100 100 56 -
T-97 
P-40, E-70, 100 100 32 -
T-70, S-70 
P-56, E-97, 
T-97 100 100 100 100 -
orchard, brome 
grass pasture 
alfalfa-clover 
pasture 
alfalfa-clover 
pasture 
orchard, brome 
grass pasture 
a Eating rate when antibiotics were fed the first time was arbitrarily 
set at 100 percent 
b Antibiotic administration stopped. 
Table 8. (continued.) 
Percent of first day's eating 
Grain, lb. rate, on days after anti- Forage 
Test group fed to Treatment biotics feeding initiated 
0a 1 2 ' 
Comments 
10 yearling 
heifers 40 P-40, 
T-70, 
E-70,100 
S-70 
90 100 1 1 
0
 
0
 
r—
1 
orchard, brome 
grass pasture 
5 steers 10 S-70 100 109 67 100 - alfalfa pasture 
5 steers 10 S-250 100 100 91 100 - alfalfa pasture 
8 dry cows 32 P-56, 
T-97 
E-97,100 100 40 40 100 100 alfalfa hay 
corn silage 
8 dry cows 32 P-40, 
T-70, 
E-70,100 
S-70 
100 50 50 100 100 alfalfa hay 
corn silage 
\ 
\ 
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animal daily, both the PETS and P-56, E-97, T-97 groups 
showed a drop in eating rate on the third and fourth days. 
A summary of the palatability data is shown in Figure 9. It 
appears that both PETS and PET combinations affect eating 
rate, but that PETS decreases palatability more drastically. 
The only adverse effects other than refusal to eat the 
meal was observed during the feeding of PETS (E gelatin-
coated) to pregnant heifers. Several cases of transient 
diarrhea and swelling of the vulva of one heifer were ob­
served in this group. 
In a trial with four 250-pound steers on a diet of al­
falfa hay and 4 pounds grain, feeding P-40, E-70, T-70 re­
sulted in refusal by all four to eat the feed containing anti­
biotics. One steer exhibited diarrhea and was in a depressed 
state as the result of PET administration. 
A comparison was made of frequency of occurrence of 
adverse effects, after feeding antibiotics, between Holsteins 
(2 heifers, 2 bulls) receiving high-grain diets (10 pounds 
grain daily, alfalfa hay free choice) and Holsteins (2 
heifers, 2 bulls) receiving high-hay diets (alfalfa hay free 
choice| 1 pound grain daily). About 1 day after antibiotic 
feeding was initiated, animals fed the high-grain diet ex­
hibited symptoms ranging from depressed appetite to diarrhea. 
There were no ill effects observed in animals fed the high-
hay diet. Prior to administration of antibiotics there were 
Figure 9. Effect of different combinations of antibiotics 
on rate of consumption of antibiotics contain­
ing meal (P=penicillin, E=erythromycin, T= 
tylosin, S=streptomycin). Values for PET 
represent the average of 39 animals which were . 
offered either 40 mg. P and 70 mg. each of E and 
T or 56 mg. P and 97 mg. each of E and T. 
Values for PETS represents the average of 50 
animals which were offered 40 mg. P and 70 mg. 
each of E, T and S. 
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approximately twice as many Gram positive bacteria in rumen 
ingesta samples from animals on the high-grain diet as in 
samples from animals on the high-hay diet. This relationship 
was not altered appreciably by antibiotic feeding but varia­
tions within and between animals were great. However, at 
least one type of microorganism (a large, Gram positive 
sarcina which tended to form chains) was absent in rumen 
samples after antibiotic treatment was Çegun. 
B. Effect of a Combination of Antibiotics 
on Some Constituents of Rumen Fluid 
1. Concentrations of chloroplasts. chloroplast fragments 
and cell-free lipid. 
For these determinations samples of fluid were; collected 
from five animals receiving 1 pound of PETS pellets daily 
(in the 1961, Ames experiment) and from five controls im­
mediately after the morning grazing period (from June 5 to 
21). Concentrations of chloroplasts, chloroplast fragments; 
and lipid in cell-free rumen fluid were determined as pre­
viously described. The data are shown in Appendix Tables 
20, 21 and 22. The mean concentrations of chlorophyll due 
to chloroplasts and chlorophyll-containing fragments and 
cell-free lipid for these samples on which all three deter­
minations were made are shown in Table 9. Concentrations of 
chloroplasts and of chloroplast fragments were significantly 
05 
Table 9. A comparison of concentrations of chloroplasts, 
chloroplast fragments and cell-free lipid in 
rumen fluid of control and antibiotic-fed 
animals 
Rumen constituent Control Antibiotic 
group erouD 
Chloroplasts3 
No. observations 
.441b 
30 
.744 
30 
Chloroplast fragments0 
No. observations 
.340b 
30 
.993 
30 
Cell-free lipid'* 
No. observations 
1.53 
30 
1.53 
30 
a Milligrams of chlorophyll supplied by chloroplasts 
from 100 ml. of rumen fluid. 
b The difference between control and antibiotic-
treated animals was significant at P < 0.005. 
0 Milligrams of chlorophyll supplied by chloroplast 
fragments from 100 ml. of rumen fluid. 
 ^Milligrams of lipid per 100 ml. of cell-free rumen 
fluid. 
higher (P < 0.005) in rumen fluid of animals receiving 
the PETS combination. There was no difference, however, 
between the means of the cell-free lipid concentrations. 
Later a study was initiated to compare concentra­
tions of chloroplasts, chloroplast fragments, and cell-
free lipid in bloated animals (score 3), nonbloated controls, 
and nonbloated animals receiving a PETS combination. How­
ever, occurrence of bloat was so limited that few samples 
from bloated animals could be obtained. These results are 
86 
shown in Table 10. It is impossible to draw any definite 
conclusions from these few data, but it appears that con­
centrations of chloroplasts and chloroplast fragments are 
higher in nonbloated controls than in bloated animals and 
lower than in antibiotic treated animals. However, chloro­
plasts still associated with feed particles were more con­
centrated in bloated than in nonbloated animals. The cell-
free lipid levels were higher in the antibiotic-treated 
animal although this is not consistent with earlier results 
in the present study. 
2. Metabolism of chloroplast lipid bv rumen fluid in vitro 
Since work by Hill et al. (I960) had indicated that 
certain antibiotics affect the lipolytic activity of rumen 
fluid in vitro. this study was conducted to determine if the 
administration of PETS has an effect on the lipolysis of 
chloroplast lipid. Table 11 shows the average results of 
three trials in which chloroplasts isolated from alfalfa tops 
were incubated with rumen fluid taken from control animals 
and animals receiving PETS in meal. The values recorded in 
the table presumably represent fatty acids of chloroplast 
origin, released by lipolysis. In Trial 1, the volume of 
chloroplasts was less than in the other two trials ; thus 
limited substrate probably was responsible for the low levels 
of fatty acids released from these samples. The data do not 
indicate a difference between control and antibiotic-treated 
Table 10. A comparison of concentrations of chloroplasts retained in feed 
particles, free chloroplasts, chloroplast fragments, and cell-
free lipid in rumen fluid of bloated, nonbloated and antibiotic-
treated animals 
Treatment Bloat 
score 
No. 
observations 
Chloroplasts 
in feed 
particles 
Free C^hloroplast0 
chloroplasts fragments 
Cell-
free 
lipids 
Julv 25. 1961 
PETS 0 1 - 1.062 
1
 
•
 3.9 
Control 0 1 - .378 .176 2.4 
Control 3 1 - .216 .155 1.9 
August 10 . 1961 
Control 0 2 1.62 1.561 .194 2.0 
Control 2 2 7.98 1.014 .220 2.0 
a,k,C Milligrams of chlorophyll supplied by either feed particles, free 
chloroplasts, or chloroplast fragments from 100 mg. of rumen fluid. 
b Milligrams of lipid per 100 ml. of cell-free rumen fluid. 
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Table 11. In vitro lipolysis of chloroplast lipid in rumen 
fluid from controls and from antibiotic-fed 
animals 
Sample animal Trial 1 Trial 2 Trial 3 
Control3 .151 .438 .693 
No. observations 2 2 2 
PETS3 .045 .519 .707 
No. observations 3 3 3 
a Each value represents the difference, after incu­
bation, in millimoles of fatty acids released by lipolysis 
between the blank (rumen fluid with no added chloroplasts) 
and the sample to which chloroplasts had been added. 
animals in their ability to metabolize chloroplast lipid, but 
the variation encountered would suggest that the technique 
should be improved before final conclusions are drawn. 
3. Concentrations and ratios of rumen volatile fatty acids 
(VFA) 
Volatile acid levels and ratios in rumen fluid were 
determined in six steers which were fed alfalfa hay initially 
and later changed to alfalfa pasture. The samples were ob­
tained by suction strainer at approximately 10:00 a.m. 
(immediately after the morning grazing periodThree steers 
received 1 pound of PETS pellets daily beginning with the 
first day on pasture and three steers served as controls. 
Figure 10 summarizes the effect of the PETS combination on 
total VFA; Table 23 of the Appendix presents the data in more 
detail. Total rumen VFA levels increased sharply in the 
Figure 10, Effect of an antibiotic combination on rumen 
concentrations of volatile fatty acids. 
Antibiotics administered for the first time 
on May 22. 
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control group following the change from alfalfa hay to 
pasture. Levels in the PETS group were depressed initially 
but reached levels similar to those of the control group in 
about 5 days. No apparent differences in VFA ratios were 
observed between groups. 
4. Counts of Gram positive and Gram negative bacteria 
The bacteria in the rumen fluid of animals receiving 
green-chopped alfalfa-grass forage were predominantly Gram 
negative. No appreciable changes in total counts or numbers 
of Gram positive bacteria were observed even when steers which 
had not received antibiotics were given eight times the normal 
prophylactic level of PETS. Counts of Gram negative bacteria 
averaged 2.3 x lO^ ° per ml. rumen fluid and Gram positive 
counts averaged 2.7 x 10° per ml. rumen fluid. No adverse 
reactions to the antibiotics were observed. 
C. Miscellaneous Trials 
1. Effect of three tetrapropenvlsuccinate esters in bloat 
prophylaxis 
Didodecyl, didecyl, and dioctyl tetrapropenylsuccinate 
were administered at levels of 5 to 15 ml. in gelatin cap-
i stiles by balling gun to several steers in Group IV from June 
17-25, I960. The data, as reported by Saylor (I960) did not 
show tetrapropenylsuccinate esters to be beneficial in the 
prevention of bloat in cattle. 
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2. Effect of carbacol injections in bloat prophylaxis 
A summary of the effect of subcutaneous injections of 
carbacol on bloat severity from June 21-26, I960, is shown 
in Table 12. Animals were selected for injections which had 
bloated more than the average control animal in preliminary 
> 
grazing periods. The injections reduced bloat by about $0 
percent as indicated by the lower average daily maximum bloat 
severity in injected animals. This reduction in bloat was 
highly significant statistically. 
3. Measurement of intraruminal pressure 
Only three measurements of intraruminal pressures during 
bloat were obtained. Three animals of bloat score 2 were 
measured as having intraruminal pressures of 14, 14 and 19.5 
mm. Hg. Some difficulty was encountered in keeping the 
needle from plugging with ruminai froth while obtaining pres­
sure readings from bloated animals. The squeeze bulb was 
used to clear the needle, after which the three-way valve 
was turned so pressure was transmitted to the manometer. 
The values recorded were the average of normal fluctuations 
(probably due to rumen contractions) in the water column. If 
the needle could not be cleared so that the water column in 
the manometer did not fluctuate it was assumed that the 
needle was blocked giving incorrect pressure readings. If 
pressure readings could not be recorded within approximately 
5 minutes, the needle was withdrawn. 
Table 12. Effect of hourly injections of carbacol on bloat 
Carbacol group* Controls' 
Date Total 
Number bloated 
to score: Total 
Number bloated 
to score: 
no. 1 2 >? A.D.M." no. 1 2 >? A.D.M. 
June 21-a.m. 4 2 0 0 .500 14 1 3 4 0 .706 
June 22-a.m. and p.m. 4 1 0 0 .250 14 9 1 0 .786 
June 23-a.m. 4 0 0 0 0 14 1 1 0 .214 
June 24-p.m. 6 1 0 0 .167 14 4 1 4 1.357 
June 25-a.m. and p.m. 6 2 2 0 1.000 14 3 4 0 .786 
June 26-p.ra. 10 2 0 0 .200 14 1 2 1 .571 
Total 8 2 0 21 13 5 
Ave. .353 .750 
a Carbacol was injected subcutaneously, 2 cc. just before animals were 
turned out to graze and 1 cc. each hour for two hours thereafter. 
b Average daily maximum bloat severity. 
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4- Bolus trials 
Examination of the rumino-reticular areas of the two 
fistulated steers which received boluses by balling gun 
indicated that the 10 gm. boluses (9 gm. aluminum stearate 
plus 1 gm. antibiotic combination) were lost from the rumen 
within two days, probably by passage down the digestive 
tract. Doubling the density with added iron, however, re­
sulted in boluses which remained in the rumino-reticular 
area for 10 days without loss. About one-third of them were 
broken in half and there was slight erosion of the surface 
after the 10-day period but otherwise the boluses were intact. 
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V. DISCUSSION 
The results presented herein demonstrate that bloat can 
be prevented over prolonged periods with appropriate methods 
of administering antibiotics. Of the two regimes used, 
feeding antibiotics in combination seems to offer the most 
promise as a practical prophylactic measure because, in 
general, combinations control bloat more completely and for 
longer periods than do presently developed rotations. Also, 
the system of administration is less complicated. The use 
of a rotation of antibiotics would require a change at inter­
vals of about 1 week, but it would have the advantage of 
requiring much less total antibiotic. 
The antibiotic levels in the final PETCO combination 
probably were near optimum, since the lower levels used early 
in the I960 season were inadequate. Also, the levels in the 
PETS combination appeared adequate for steers when fed in 
meal so that all animals consumed the suggested levels of 
each antibiotic activity. However, further work is needed 
to establish the most appropriate antibiotics and levels for 
different kinds and sizes of livestock. A comparison of the 
effects of P, E and T in the drinking water with the results 
of feeding PETS and PETCO in pellets and meal suggests that C 
and 0 are important in prolonging the effect of the PETCO com­
bination and that S is important in prolonging the effect of 
the PETS combination. Since there was substantial antibiotic 
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loss in water, however, the PET combination might be effective 
for a longer period if administered in meal. 
The field use of a combination such as P, E and T would 
be greatly.facilitated if the combination would be effective 
for as many or more days of treatment when given intermit­
tently in two or more periods as when given in one continuous 
period. Then jbhe. combination could be used in periods of 
more serious bloat and removed when treatment is not neces­
sary. Such a system might be indicated if ineffectiveness 
of antibiotics is the result of development of resistant 
strains of microorganisms which diminish in numbers during 
periods when the antibiotics are withheld. No clarification 
of this was derived from the 1961 field trials even though 
PETS pellets were fed intermittently. Since PETS pellets fed 
continuously were effective for the entire season it could 
not be ascertained whether intermittent feeding provoked 
resistance as soon as continuous feeding. Certainly more 
information is needed on the true nature of antibiotic 
resistance in bloat. 
It appears that under conditions of these experiments 
weight gains were substantially improved by antibiotic 
feeding where the bloat potential of the pasture was higjh 
as in the I960 trials and at Napier in 1961. This probably 
occurred because animals in these groups bloated less and, 
as a result, consumed more forage. Under conditions of less 
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bloat, as in the Castana trials the differences in weight 
gain were less. 
Before the practicability of antibiotics in bloat,pre­
vention can be assessed, tissue and milk residue studies will 
be necessary and methods to avoid any adverse effects to 
animals receiving antibiotic combinations will have to be 
developed. Penicillin is the only antibiotic used in these 
studies which has been investigated to any extent for pos­
sible residuals in milk during oral administration. Wright 
and Harold (I960) used levels as high as 5,000 mg. of peni­
cillin daily and could not detect residues in milk while 
Skaggs and Miller (1959) found that doses as low as 170 mg. 
of procaine penicillin resulted in residues of 0.05 units 
per milliter of milk. All of these levels are substantially 
above those for penicillin in the present study. Data on 
milk residues following feeding of various levels of the 
other antibiotics used in this study are not sufficient even 
to justify speculation. If each antibiotic of a combination 
acts as an entity, then the occurrence of detectable amounts 
in the milk seems unlikely, but more research is needed 
before this can be resolved. 
The problem of adverse effects may be a difficult one 
to solve, since these symptoms have been observed only in a 
small percentage of animals fed antibiotics. In experi­
ments at Iowa State University prior to 1961, where anti­
biotics were used for bloat prevention, none of these effects 
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were observed. Therefore, since streptomycin was used in 
the combination in 1961 and it had not been used previously, 
it was first suspected as the causative factor. 
Although the palatability trials indicated that elimi­
nation of S from the PETS combination did reduce the occur­
rence of these transient effects, this does not seem to be 
the only factor involved since eating rate was still reduced 
somewhat in several cases and since one of the four 250-pound 
steers on hay and grain reacted adversely. Antibiotics might 
be expected to cause a rapid reduction of the microbial 
population in the rumen. This would be supported to some 
extent by the initial reduction in concentrations of total 
volatile acids in the rumen by PETS but is contradicted in 
microbiological studies which failed to show any consistent 
effect of PETS on bacterial counts. Moir (1951) has observed 
in sheep, as observed herein with cattle, that the microbial 
are composed almost entirely of Gram negative organisms when 
the animals are on pasture. However, when sheep receive 
higher levels of starch the proportion of Gram positives is 
increased (Williams et al., 1953). Similarly herein, ani­
mals on a high-grain diet had higher Gram positive counts 
than animals on a high-hay diet. Since the antibiotics used 
in bloat prevention are active primarily against Gram postive 
organisms, it may well be that the occurrence of adverse ef­
fects depends on there being higher relative proportions of 
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Gram positives than generally results when the diet con­
sisted primarily of alfalfa pasture. This theory is sup­
ported by the occurrence of adverse effects in all of four 
animals on a high-grain diet in striking contrast to the 
absence of ill effects in four animals on a high-hay diet 
after feeding antibiotics. Bacteriological counts did not 
show a reduction in total Gram positives in animals on either 
diet, but there was some indication that the effect of the 
antibiotic combination may be qualitative since one Gram posi­
tive sarcina was conspicuously absent after antibiotic 
administration. 
Very little is known about the mode of action of anti­
biotics in bloat prophylaxis. Mangan et al. (1959) theorized 
'X--
that chloroplasts, due to their lipid content, act as natural 
defoamers in the rumen, and that antibiotics exert their 
effect in bloat prevention by inhibiting some undetermined 
. microbial action which destroys chloroplast lipid. Data 
reported herein show that antibiotic-treated animals do main­
tain higher chloroplast concentrations in their rumen fluid. 
This would give some support to Mangan's hypothesis but it 
still is not clear why chloroplast concentrations are increas­
ed. It would seem that increased chloroplast concentrations 
could be caused either by reduced utilization of chloroplasts 
which results in their accumulation or by a more rapid 
breakdown of the legume plant releasing more chloroplasts 
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into the rumen fluid. The latter possibility is suggested 
since chloroplast fragments are more concentrated than 
chloroplasts in antibiotic-treated animals while the reverse 
is true in controls. 
The findings by Fina et al. (1961) that bloat could be 
provoked by inoculation of the rumen with certain mucino-
lytic organisms gives more support to the theory that bloat 
is the result of bacterial destruction of naturally occur­
ring antifoaming,agents. This would again suggest that anti­
biotics function by preventing destruction of these defoaming 
agents. Although different antifoaming agents have been 
suggested (chloroplasts and mucin) it may be that both are 
related to bloat and that antibiotic action increases the 
potential of both agents to prevent bloat. It seems prob­
able that the balance of a system of foaming agents and 
foam inhibitors, which microorganisms may influence or alter, 
determines whether or not bloat occurs. 
The observation that ingesta from control and antibiotic-
fed animals seems to metabolize chloroplast lipid at the same 
rate needs further investigation because it apparently is con­
tradictory to the work of Hill est al. (I960). They found that 
additions of either penicillin, erythromycin, or tylosin de­
pressed lipolysis of soybean oil more than $0 percent during a 
24-hour in vitro fermentation. The only apparent difference 
was that Hill sampled from control animals and added the anti­
biotic and lipid to the samples at the beginning of incubation 
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while in measuring the metabolism of chloroplast lipid, 
samples were taken from animals which had received anti­
biotics orally for some time. It may be that in vivo the 
'i-
effect which Hill observed in lipolysis is transient and 
disappears with continued antibiotic administration. 
Measurement of intraruminal pressures was attempted in 
an effort to establish the particular pressure range assoc­
iated with the different scores of the visual bloat scale 
used for scoring bloat. If a suitable method were devel­
oped for measuring intraruminal pressures, it would help 
advance'bloat research by allowing accurate and uniform 
reporting of severity of bloat by research workers. Pres­
sures could be easily and accurately obtained from the de­
vice used in this experiment if the needle entering the 
dorsal sac of the rumen could be kept free of rumen froth. 
However, because of this problem, some adjustments are 
needed before pressures can be recorded in animals bloated 
above a bloat score of 2. For animals of bloat score 2 or 
below, the froth can be adequately cleared from the needle 
with the syringe bulb. 
The boluses that were tested offer the possibility of a 
new method of antibiotic administration. If boluses which 
will remain in the rumen and resist breakdown can be con­
structed so that antibiotics will "pay out" at a desired rate 
for bloat prevention, then perhaps boluses administered by 
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balling gun can be used to insure protection for an extended 
period of time without complications involved in feeding 
antibiotics. However, research is needed to establish whether 
a flux of antibiotics from the bolus would be as effective as 
a periodic deluge of antibiotics such as occurs with once 
daily oral administration. 
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VI. SUMMARY 
In I960, a rotation of antibiotics was fed in meal, 
each antibiotic being fed for a 1-week period. The rotation, 
consisting of penicillin (P), erythromycin (E), tylosin (T), 
chloramphenicol (C), oxytetracycline -(-0), and streptomycin 
(S), prevented serious bloat during the initial 6-week period. 
Two subsequent repetitions of the cycle indicated that peni­
cillin regained effectiveness in the least time (about 6 
weeks). The most effective preventive over a prolonged 
period was a combination of PETCO fed in meal, which pro­
vided protection over the entire period (May to September) 
in which it was fed. A water-administered combination of 
PET prevented bloat for about 7 weeks. A weekly rotation of 
P, E and T seemed to be effective when given in the drinking 
water, but the water-administration of C which followed was 
ineffective, probably due to its poor solubility and low 
water stability. The average weight gains of the groups 
receiving antibiotics in rotation and in combination were 
much greater than those of control animals. 
In 1961, a combination of PETS was fed to cattle in three 
herds owned by Iowa State University and 12 herds owned by 
cooperating farmers. The feeding of PETS resulted in a 67 
percent reduction in bloat. When PETS was fed in pellets, 
doubling levels was necessary in some instances in order to 
maintain excellent prevention for the entire season. This 
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was probably due to a decline in erythromycin activity in 
pellets in storage. PETS in loose salt markedly reduced bloat 
but was not as effective as subsequent feeding of the same . 
antibiotics in meal. PETCO in pellets was fed to one group 
of steers but was less effective than administration in 
meal. In Iowa State University herds, average weight gains 
.of groups receiving PETS or PETCO was greater than control 
animals (P <0.0$ in one of three trials). Usually after 1 
to 2 days of prompt consumption, animals refused antibiotic 
combinations for about 1 week before regularly consuming the 
prescribed amount again. This refusal to eat was sometimes 
accompanied by transient diarrhea and in about 5 percent of 
the females by local swelling of the vulva, symptoms which 
disappeared within 1 or 2 days. Most of the bloat in anti-
biotic-fed animals occurred when the preventive was not being 
consumed. 
In palatability studies, PET combinations did not cause 
as much reduction in consumption rate as PETS but the pro­
blem was not eliminated by omitting S. Steers receiving 
green-chopped alfalfa-grass forage were given up to eight 
times the normal PETS level without ill effects or any ap­
preciable effect on either total counts of Gram positive or 
Gram negative organisms in rumen fluid samples. 
About 1 day after PETS feeding was initiated, animals 
fed a high-grain diet exhibited symptoms ranging from 
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depressed appetite to diarrhea. In striking contrast there 
were no ill effects in animals fed a high-hay diet. Animals 
on the high-grain diet had about twice as many Gram positives 
as animals on the high-hay diet and there was no meaningful 
change in these proportions or in total counts after anti­
biotic feeding. However, a large Gram positive sarcina which 
tended to form chains was absent after PETS administration. 
Rumen levels of total volatile fatty acids were tran­
siently depressed in animals fed PETS but within about 5 days 
after the first feeding, levels were again comparable with 
controls. No changes were apparent in ratios of volatile 
fatty acids. Concentrations of chloroplasts and chloroplast 
fragments in rumen fluid were significantly higher (P < 
0.005) in animals receiving PETS but there was no difference, 
as compared to controls, in levels of cell-free lipid. The 
rate of metabolism of chloroplast lipid in vitro was appar­
ently the same in control and PETS-fed animals. 
In miscellaneous studies, tetrapropenylsuccinate esters 
were not effective in bloat prophylaxis. Subcutaneous in­
jections of carbacol (a salivary stimulant) significantly 
reduced (P < 0.01) bloat severity. Direct manometric 
measurements indicated that intraruminal pressures in animals 
of bloat score 2 are in the range of 15 to 20 mm. of Hg. 
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IX. APPENDIX 
Table 13. Names and addresses of cooperating farmers, 1961 
Name Address Livestock employed 
Romain Anderson 
George Barkema 
Jay Bower 
William Engelke 
Barney Feldhacker 
Carl Goeken 
Franklin Grooms 
Norman Harms 
Glenn Johansen 
Percy Johansen 
C. Stuart Lee 
Marion Palmer 
Wilbert Passehl 
Otis Rothlessberger 
Coon Rapids, Iowa 
6 
Alexander, Iowa 104 
Battle Creek, Iowa 
90 
Sutherland, Iowa 
Fostoria, Iowa 
Atlantic, Iowa 
Menlo, Iowa 
35 
44 
79 
8 
Wellsburg, Iowa 49 
Latimer, Iowa 40 
Latimer, Iowa 60 
Battle Creek, Iowa 56 
Montezuma, Iowa 
210 
Latimer, Iowa 35 
Elgin, Iowa 
60 
Hereford heifers 
Holstein cowsa 
Hereford steers 
Approximately 
ewes with lambs 
Hereford heifers 
dairy heifers 
Hereford bulls 
Hereford heifers 
Angus cows with 
calves 
Hereford steers 
Hereford steers 
Hereford steers^  
Hereford steers 
Approximately 
ewes with lambs 
Holstein heifers 
Approximately 
ewes 
Iowa State Uni­
versity Beaconsfield, Iowa 30 ewes with lambs 
The 6 Holstein cows were all included with the control 
group. 
b Other steers were substituted late in the season. 
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Table 14. Daily bloat summary for Groups I and II, I960 
Group Ï Group II 
Date No. bloated to 
8 m No. bloated to score: 
Treat­ No. Treat­ No. 
ment ani. 1 2 3 A.D.M. ment ani. 1 3 3 A.D.M, 
5-27 Control 16 0 0 0 0.000 P-35 15 0 0 0 0.000 
5-28 0 0 0 0.000 0 0 0 0.000 
5--29 0 1 0 0.125 0 0 0 0.000 
5-30 1 1 1 0.375 1 0 0 0.067 
5-31 1 2 0 0.312 0 0 0 0.000 
6-1 0 2 0 0.250 1 0 0 0.067 
6-2 0 0 1 0.188 0 0 0 0.000 
6-3 2 1 0 0.250 E-70 0 0 0 0.000 
6-4 2 0 0 0.125 0 0 0 0.000 
6-5 2 0 1 0.312 1 0 0 0.067 
6-6 3 1 1 0.500 0 0 0 0.000 
6-7 1 1 0 0.188 0 0 0 0.000 
6-8 4 1 0 0.375 0 0 0 0.000 
6-9 4 0 0 0.250 0 0 0 0.000 
6-10 4 0 0 0.250 T-70 0 0 0 0.000 
6-11 1 0 0 0.062 0 0 0 0.000 
6-12 0 0 0 "0.000 0 0 0 0.000 
6-13 0 0 0 0.000 0 0 0 0.000 
6-I4 2 0 0 0.125 0 0 0 0.000 
6-15 2 1 0 0.250 0 0 0 0.000 
6—16 4 1 4 1.125 1 0 0 0.067 
6-17 1 3 1 0.625 C-I40 0 0 0 0.000 
6—18 5 1 6 1.875 4 1 0 0.400 
6-19 15 3 6 4 1.929 3 1 0 0.333 
6-20 4 2 0 0.571 0 0 0 0.000 
6-21 3 4 0 0.736 2 0 0 0.133 
6-22 9 1 0 0.786 3 0 0 0.200 
6-23 5 2 0 0.643 4 0 0 0.267 
6-24 4 1 4 1.357 O-I4O . 1 1 0 0.200 
6-25 3 4 0 0.786 0 0 0 0.000 
6-26 3 2 1 0.714 1 0 0 0.067 
6-27 4 0 1 0.500 0 0 0 0.000 
6-23 0 1 0 0.143 0 0 0 0.000 
6-29 1 0 1 0.236 5 0 0 0.333 
6-30 3 0 1 0.429 0 0 0 0.000 
7-1 3 0 0 0.214 S-70 0 0 0 0.000 
7-2 3 0 0 0.214 4 1 0 0.400 
7-3 1 0 0 0.067 1 1 0 0.200 
7-4 2 0 0 0.143 1 1 0 0.200 
7-5 0 0 .0 0.000 1 0 0 0.067 
7-6 3 0 0 0.214 2 0 1 0.333 
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Table 15. Daily bloat summary for Groups III and IV, I960 
Group IIÏ 
No. bloated to score: 
Date l'reat- No. 
Group IV 
ment ani. 1 2 3 A.D.M, 
Treat- No. 
. ment ani. 1 2 3 A.D.M, 
Control 15 0 0 0 0.000 
1 0 0 0.067 
0 0 0 0.000 1 0 0 0.067 
0 0 0 0.000 2 3 0 0.467 
0 0 0 0.000 2 4 1 0.867 
0 0 . 0 0.000 2 2 1 0.600 
0 0 0 0.000 3 0 0 0.200 
0 0 0 0.000 2 0 0 0.133 
0 0 0 0.000 0 1 2 0 0.333 
0 0 0 0.000 Pol-35 2 0 0 0.133 
1 0 0 0.067 2 1 0 0.267 
2 0 0 0.133 Pol-70 5 0 1 0.500 
0 0 0 0.000 1 0 0 0.067 
0 1 2 0.533 P0I-I4O 1 2 2 0.733 
1 0 0 0.067 2 0 0 0.133 
1 0 0 O.O67 Pol-280 1 0 0 0.067 
0 0 0 0.000 0 0 0 0.000 
0 0 0 0.000 Control 0 0 0 0.000 
0 0 0 0.000 1 0 0 0.067 
0 0 0 0.000 1 0 0 0.067 
0 0 0 0.000 3 1 0 0.333 
0 0 0 0.000 b 5 1 4 1.267 
0 0 0 0.000 Misc. 4 3 1 0.867 
5 0 0 . 0.333 8 0 3 1.267 
3 0 0 0.200 4 4 5 1.800 
0 0 0 0.000 0 1 1 0.333 
3 0 0 0.200 6 2 1 0.867 
1 0 0 0.067 6 2 1 0.867 
2 0 0 0.133 9 0 2 1.000 
0 0 0 0.000 5 2 0 0.600 
0 0 0 0.000 4 3 0 0.667 
0 0 0 0.000 3 0 0 0.200 
0 0 0 0.000 P-35 water 3 0 0 0.200 
0 0 0 0.000 0 0 0 0.000 
1 0 0 0.067 2 0 0 0.133 
0 0 0 0.200 0 0 0 0.000 
5-27 P-20, 15 
E-35,T-35 
C-50,0-50 
5-28 
5-29 
5-30 
l-l1 
6-2 
6-3 
6-4 
6-5 
6-6 
6-7 
6-8 
6-9 P-40,E-70, 
T-70.C-100, 
0-100 
6-10 
6-11 
6-12 
6-13 
6-14 
6-15 
6-16 
6-17 
6-18 
6-19 
6-20 
6-21 
6-22 
6-23 
6-24 
6-25 
6-26 
6-2 7 
6-28 
6-29 
6-30 
a Pol = polymyxin. 
b Miscellaneous treatments consisted of tetrapropenyl-
succinate esters and carbacol injections. 
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Table 16. Daily bloat summary for Groups I, II and III, 196la,^ > 
Group I Group II Group III 
No. bloated to score: Nn. hlnat.pd t.n sp.nrAî Nn. hlnat.ed -to snore: 
Date great- No. Treat- No. Treat- No. 
ment ani. 1 2 3 ment ani. 1 2 ? ment ani. 1 2 3 
5-22 Control 9 0 0 0 PETS- 9 0 0 0 PETS-1 9 0 0 0 
salt 
5-23 0 0 0 0 0 0 0 0 0 
5-24 0 1 0 0 0 0 0 0 0 
5-25 0 0 0 0 0 0 0 0 0 
5-26 15 0 0 0 15 0 0 0 15 0 0 0 
5-27 0 0 0 0 0 0 0 0 0 
5-28 0 0 0 0 0 0 0 0 0 
5-29 0 0 0 . 0 0 0 1 2 0 
5-30 2 4 1 0 1 0 3 1 0 
5-31 3 0 0 0 1 0 1 0 0 
6-1 0 0 0 0 0 0 0 0 0 
6-2 0 0 0 0 0 0 0 0 0 
6-3 0 1 0 0 0 0 0 0 0 
6-4 0 1 0 0 0 0 0 0 0 
6-5 0 0 0 0 0 0 0 0 0 
6-6 0 0 0 0 0 0 0 0 0 
6-7 0 0 0 0 0 0 0 0 0 
6-8 0 0 0 0 0 0 0 0 0 
6-9 0 0 0 0 0 0 0 0 0 
6-10 0 0 0 0 0 0 0 0 0 
6-11 0 0 0 0 0 0 0 0 0 
6-12 0 0 0 0 0 0 0 0 0 
6-13 
fl 
0 0 0 2 0 0 0 0 0 
aSince no animals bloated higher than score 3, A.D.M. values can be 
readily calculated if needed. 
S^ee Table 2 for description of symbols. 
Table 16. (continued) 
Group I 
No. bloated to score: 
Date Treat- No. 
ment ani. 12 3 
6-14 Control 15 0 0 0 
6-15 0 0 0 
6-16 0 1 0 
6-17 2 1 2 
6-18 2 0 0 
6-19 5 2 1 
6-20 3 7 1 
6-21 6 5 1 
6-22 0 0 0 
6-23 7 3 0 
6-24 2 1 0 
6-25 0 1 0 
6-26 0 0 0 
6-27 1 0 0 
6-28 2 0 0 
6-29 3 1 ' 0 
6-30 0 0 0 
7-1 0 0 0 
7-2 0 0 0 
7-3 0 0 0 
7-4 0 0 0 
7-5 0 0 0 
7-6 0 0 0 
7-7 0 0 0 
7-8 0 0 0 
7-9 0 0 0 
Group II 
No. bloated to score 
Treat- No. 
ment ani. 
Group III 
No. bloat ed to score ; 
1 2 ? 
Treat- No. 
ment ani. 1 2 ? 
0 0 0 PETS-1 15 0 0 0 
0 0 0 0 0 0 
0 1 0 0 1 0 
0 1 0 2 0 0 
0 0 0 0 0 0 
1 0 0 1 0 0 
1 3 1 1 0 0 
3 2 0 4 1 0 
0 0 0 PETS-2 0 0 0 
3 0 0 2 0 0 
0 0 0 0 0 2 
0 0 0 0 0 0 
0 0 0 0 0 0 
1 0 0 0 0 0 
1 0 0 1 0 0 
0 0 0 0 1 0 
0 0 0 0 0 0 
0 0 0 0 0 0 
0 0 0 0 0 0 
0 0 0 0 0 0 
0 0 0 0 0 0 
0 0 0 0 0 0 
0 0 0 0 0 0 
0 0 0 0 0 0 
0 0 0 0 0 0 
0 0 0 0 0 0 
PETS- 15 
salt 
PETS-meal 
1 I 
Table 16. (conintued) 
Group I 
No. bloated to score: 
Date Treat- No. 
ment ani. 12 3 
7-10 Control 15 2 0 1 
7-H 0 1 0 
7-12 0 0 0 
7-13 0 0 0 
7-14 0 0 0 
7-15 0 0 0 
7-16 0 0 0 
7-17 2 0 0 
7-18 . 4 0 3 
7-19 4 0 2 
7-20 3 0 3 
7-21 0 0 0 
7-22 0 0 0 
7-23 0 0 0 
7-24 3 1 0 
7-25 2 2 1 
7-26 1 0 0 
7-27 3 1 0 
7-28 3 0 0 
7-29 0 0 0 
7-30 0 0 0 
7-31 1 1 0 
8-1 0 0 0 
8-2 0 0 0 
8-3 0 0 0 
8-4 4 0 0 
Group If Group ill 
No. bloated to score: No. bloated to score: 
Treat- No. Treat- Wo. 
ment ani. 1 2 3 ment ani. 12 3 
PETS- 0 0 0 
meal 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
10 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
2 0 0 
0 0 0 
10 0 
10 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
-2 15 0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
10 0 
0 0 0 
0 0 0* 
0 0 0 
0 00 
0 0 0 
0 0 0 
0 0 0 
2 0 0 
0 0 0 
10 0 
10 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
Table 16. (continued) 
' G r o u p  I  
No. bloated to score: 
Date Treat- No. 
ment ani. 1 2 3 
1 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 Q 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
8-5 Control 15 
8-6 
tl 
a-9 
a-io 
a-11 
a-12 
a-13 
8-14 
a-15 
8-16 
8-17 
8-18 
8-19 
8-20 
8-21 
8-22 
8-23 
8-24 
8-25 10 
8-26 
8-27 
8-28 
8-29 
8-30 
8-31 
Group II 
No. bloated to score 
Treat- No. 
ment ani. 
Group III 
No. bloated to score: 
PETS- 15 
meal 
10 
1 2 3 
Treat- No. 
ment ani. 1 2 3 
0 0 0 PETS-2 15 0 0 0 
0 0 .0 0 0 0 
0 0 0 0 0 0 
0 0 0 0 0 0 
0 0 0 0 0 0 
0 0 0 0 0 0 
0 0 0 0 0 0 
0 0 0 0 0 0 
0 0 0 0 0 0 
0 0 0 0 0 0 
0 0 0 0 0 0 
0 0 0 0 0 0 
0 0 0 0 0 0 
0 0 0 0 0 0 
0 0 0 0 0 0 
0 0 0 0 0 0 
0 0 0 0 0 0 
0 0 0 0 0 0 
0 0 0 0 0 0 
0 0 0 0 0 0 
0 0 0 10 0 0 0 
0 0 0 0 0 0 
0 0 0 0 0 0 
0 0 0 0 0 0 
0 0 0 0 0 0 
0 0 0 0 0 0 
0 0 0 0 0 0 
H  
ZV ON 
Table 16. (continued) 
" Group III 
No. bloated to score: 
Treat- No. ~ 
ment ani. 1 2 
Date 
Group I 
No. bloated to score: 
Treat- No. 
ment ani. 1 2 
Group II 
No. bloated to score: 
Treat- No. 
1 2 
9-1 Control 10 0 0 0 PETS- 10 
meal 
0 0 0 PETS-2 10 0 0 0 
9-2 0 0 0 0 0 0 0 0 0 
9-3 0 0 0 0 0 0 0 0 0 
9-4 0 0 0 0 0 0 0 0 0 
9-5 0 0 0 0 0 0 0 0 0 
9-6 0 0 0 0 0 0 0 0 0 
9-7 0 0 0 0 0 0 0 0 0 
9-è 0 0 0 0 0 0 0 0 0 
9-9 0 0 0 0 0 0 0 0 0 
9-10 0 0 0 0 0 0 0 0 0 
9-11 0 0 0 0 0 0 ' 0 0 0 
9-12 0 0 0 0 0 0 0 0 0 
9-13 0 0 0 0 0 0 0 0 0 
9-14 0 0 0 0 0 0 0 0 0 
9-15 0 0 0 0 0 0 0 0 0 
9-16 0 0 0 • 0 0 0 0 0 0 
9-17 0 0 0 0 0 0 0 0 0 
9-18 0 0 0 0 0 0 0 0 0 
9-19 0 0 0 0 0 0 0 0 0 
9-20 0 0 0 0 0 0 0 0 0 
9-21 0 2 1 1 0 0 1 0 0 
9-22 1 0 0 0 0 0 0 0 0 
9-23 3 0 3 0 0 0 0 0 0 
9-24 0 0 1 0 0 0 0 0 0 
9-25 3 1 0 0 0 0 0 0 0 
9-26 0 0 0 0 0 0 0 0 0 
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Table 17. Daily bloat summary for Groups IV and V, 196la,^ ) 
' Group I? Group V 
No. bloated to score: 
Date Treat­ No. Treat­ No. 
ment Ani. 1 2 3 ment Ani. 1 2 3 
5-22 PETS-1 9 0 0 0 PETCO-1 9 0 0 0 
5-23 0 0 0 0 0 0 
5-24 0 0 0 0 0 0 
5-25 0 0 0 0 0 0 
5-26 15 0 0 0 15 0 0 0 
5-27 0 0 0 0 0 0 
5-28 0 0 0 0 0 0 
5-29 0 0 0 0 0 0 
5-30 0 0 0 1 1 0 
5-31 0 0 0 4 0 0 
6-1 0 0 0 0 0 0 
6-2 0 0 0 0 0 0 
6-3 0 0 0 0 0 0 
6-4 0 0 0 0 0 0 
6-5 Control 0 0 0 0 0 0 
6-6 0 0 0 0 0 0 
6-7 0 0 0 0 0 0 
6-8 0 0 0 0 0 0 
6-9 0 0 0 0 0 0 
6-10 0 0 0 0 0 0 
6-11 0 0 0 0 0 0 
6-12 0 0 0 0 0 0 
6-13 0 0 0 0 0 0 
6-14 PETS-1 0 0 0 0 0 0 
6-15 15 0 0 0 0 0 0 
6-16 0 1 0 0 1 0 
6-17 2 0 0 0 1 0 
6-18 0 0 0 0 0 0 
6-19 1 0 0 1 0 0 
6-20 1 0 0 1 3 1 
6-21 4 1 0 3 2 0 
6-22 PETS-2 0 0 0 PETCO-meal 0 0 0 
6-23 2 0 0 3 0 0 
6-24 0 0 2 0 0 0 
6-25 0 0 0 0 0 0 
6-26 0 0 0 0 0 0 
6-27 0 0 0 1 0 0 
a Since no animals bloated higher than score 3, A, .D.M. 
values can be readily calculated if needed. 
b See Table 2 for description of symbols. 
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Table 17. (continued) 
Group IV 
No. bloated to score: 
Group V 
Date Treat­ No. Treat­ No. 
ment ani. 1 2 ? ment ani. 1 2 ? 
6-28 PETS-2 15 1. 0 0 PETCO-
meal 
15 1 0 0 
6-29 0 1 0 0 0 0 
6-30 0 0 0 0 0 0 
7-1 0 0 0 . 0 0 0 
7-2 0 0 0 0 0 0 
7-3 0 0 0 0 0 0 
7-4 Control 0 0 0 0 0 0 
7-5 0 0 0- 0 0 0 
7-6 0 0 0 0 0 0 
7-7 0 0 0 0 0 0 
7-8 0 0 0 0 0 0 
7-9 0 0 0 0 0 0 
7-10 PETS-2 0 0 0 - 1 1 0 
7-11 0 0 0 0 0 0 
7-12 Control 0 0 0 14 1 1 0 
7-13 0 0 0 0 0 0 
7-14 0 0 0 0 0 0 
7-15 0 0 0 0 0 0 
7-16 0 0 0 0 0 0 
7-17 PETS-2 • 0 0 0 0 0 0 
7-18 1 0 0 0 0 0 
7-19 0 0 0 0 0 0 
7-20 0 0 0 0 1 0 
7-21 0 0 0 0 0 0 
7-22 0 0 0 0 0 0 
7-23 0 0 0 0 0 0 
7-24 0 0 0 0 0 0 
7-25 2 0 0 2 0 0 
7-26 0 0 0 0 0 0 
7-27 0 0 0 1 0 0 
7-28 0 0 0 1 0 0 
7-29 0 0 0 0 0 0 
7-30 0 0 0 0 0 0 
7-31 0 0 0 0 0 0 
8-1 0 0 0 0 '0 0 
8-2 0 0 0 0 0 0 
8-3 0 0 0 0 0 0 
8-4 0 0 0 0 0 0 
8-5 0 0 0 0 0 0 
8-6 0" 0 0 0 0 0 
8-7 0 0 0 0 0 0 
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Table 17. (continued) 
Group IV 
No. bloated at score: 
Date Treat- No. 
ment ani. 12 3 
Group V 
No. bloated at score: 
Treat- No. 
ment ani. 12 3 
9-17 
9-18 
9-19 
9-20 
9-21 
9-22 
9-23 
9-24 
9-25 
Control 10 
PETS-2 
0 
0 
0 0 0 
0 0 0 
0 0 
0 0 
0 0 0 
0 C 0  
0 0 0 
0 0 0 
0 0 0 
PETCO-
meal 
10 0 . 0  0  
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
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Table 18. Daily bloat summary for Napier trial, 196la>^  
Control PETS pellets 
Date No. bloated to score: No. bloated to score: 
1 2 1 4 1 2 ? 4 
5-22 0 0 0 0 0 0 0 0 
5-23 0 0 0 0 0 0 0 0 
5-24 0 0 0 0 0 0 0 0 
5-25 0 0 0 0 0 0 0 0 
5-26 0 1 0 0 0 0 0 0 
5-27 0 0 0 0 0 0 0 0 
5-28 0 0 0 0 0 0 0 0 
5-29 0 0 0 0 0 0 0 0 
5-30 2 0 0 0 0 0 0 0 
5-31 0 0 1 0 0 0 0 0 
6-1 1 3 0 0 0 0 0 0 
6-2 1 1 . 0 o . 0 0 0 0 
6-3 1 1 1 1 0 0 0 0 
6-4 2 2 0 0 1 0 0 0 
6-5 0 1 0 1 1 0 0 0 
6-6 0 1 0 0 0 0 0 0 
6-7 1 2 0 0 2 0 0 0 
6-8 4 2 1 0 1 0 0 0 
6-9 2 1 1 1 0 1 0 0 
6-10 3 0 1 0 0 0 0 0 
6-11 2 1 0 0 0 0 0 0 
6-12 3 1 0 0 1 0 0 0 
6-13 0 1 0 0 0 0 0 0 
6-14 2 1 0 0 0 0 0 0 
6-15 2 0 1 0 0 0 0 0 
6-16 0 1 0 0 0 0 0 0 
6-17 0 0 0 0 0 0 0 0 
6-18 0 0 0 0 0 0 0 0 
6-19 0 0 0 0 0 0 0 0 
6-20 0 0 0 0 0 0 0 0 
6-21 2 2 1 0 2 1 0 0 
6-22 4 0 4 1 1 1 1 0 
6-23 5 5 2 0 6 0 0 0 
6-24 3 2 0 1 0 0 0 0 
6-25 3 1 1 0 3 0 0 0 
6-26 0 0 0 0 0 0 0 0 
a The control group contained 17 animals from May 22 
to May 28 and 23 thereafter, the PETS group contained 23 
animals for the entire experiment. 
b Animals received 1 pound per animal daily of either 
control or PETS pellets from May 22 to June 23, inclusive 
and 2 pounds per animal daily thereafter. 
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Table 18. (continued) 
Control PETS pellets 
Date No. bloated to score: No. bloated to score: 
1 2 3 4 1 2 3 4 
8-9 6 6 1 0 2 1 1 0 
8-10 3 5 2 0 2 0 0 0 
8-11 3 1 1 1 3 0 0 0 
8-12 0 1 0 0 0 1 0 0 
8-13 2 1 0 0 1 0 0 0 
8-14 1 0 0 0 1 0 0 0 
8-15 2 1 0 0 1 0 0 0 
8-16 1 0 0 0 0 0 0 0 
8-17 2 0 0 0 1 0 0 0 
8-18 1 1 0 0 
8-19 0 1 0 0 
8-20 3 1 0 0 1 0 0 0 
8-21 3 0 0 0 1 1 0 0 
8-22 4 1 0 0 2 0 0 0 
8-23 2 0 ' 0 0 1 1 0 0 
8-24 2 2 0 0 1 0 0 0 
8-25 4 1 0 0 0 0 0 0 
8-26 2 0 0 0 0 0 0 0 
8-27 1 0 0 0 3 0 0 0 
8-28 1 0 0 0 3 0 0 0 
8-29 4 0 0 0 0 0 0 0 
8-30 6 1 0 0 1 0 0 0 
8-31 5 0 0 0 1 0 0 0 
9-1 1 1 0 0 1 0 0 0 
9-2 - 0 0 0 0 0 0 0 0 
9-3 0 1 0 0 0 0 0 0 
9-4 0 0 0 0 0 0 0 0 
9-5 0 0 0 0 1 0 0 0 
9-6 0 0 0 0 0 0 0 0 
9-7 0 0 0 0 0 0 0 0 
9-8 4 3 0 0 2 2 0 0 
9-9 4 0 0 0 4 0 0 0 
9-10 3 1 0 0 2 0 0 0 
9-11 4 1 0 0 0 0 0 0 
9-12 1 0 0 0 0 0 0 0 
9-13 0 0 0 0 0 0 0 0 
9-14 0 0 0 0 0 0 0 0 
9-15 0 0 0 0 0 0 0 0 
9-16 0 0 0 0 0 0 0 0 
9-17 0 0 0 0 1 0 0 0 
9-18 0 0 0 0 0 0 0 0 
9-19 0 0 0 0 0 0 0 0 
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Table 18. (continued) 
Control &STS pellets 
Date No. bloated to score: No. bloated to score: 
1 2 1 4 1 2 ? 4 
9-20 0 0 0 0 1 0 0 0 
9-21 0 0 0 0 0 0 0 0 
9-22 0 0 0 0 0 0 0 0 
9-23 0 0 0 0 0 0 0 0 
9-24 0 0 0 0 0 0 0 0 
9-25 6 1 0 0 1 2 0 0 
9-26 7 3 3 0 0 0 1 0 
Table 19. Average daily weight gains by period in Iowa State University 
owned cattle, 1961 
Group 
Date, 
final 
weighing weighing 
Date, 
first 
Average daily weight gains within con-
.spimit.ivft ?ft-rifiy porindn b 
Ames 
Control May 28 
PETS,salt, May 20 
meal 
PETS pellets May 2d 
PETS pellets May 28 
intermittent 
PETCO May 28 
pellets, 
meal 
Napier 
Control June 30 
PETS pellets June 30 
Castana 
Control 
PETS 
May 18 
May 18 
Sept. 22 
Sept. 22 
Sept. 22 
Sept: 22 
1.11(14) 
1.32(14) 
1.39(14) 
1.07(14) 
Sept. 22 1.21(14) 
1.18(14) 
1.11(14) 
0.75(14) 
1.14(14) 
1.21(14) 
1.96(14) 
2.43(14) 
2.36(14) 
2.18(14) 
Sept. 22 1.43(23) 0.04(23) 2.26(23) 
Sept. 22 1.43(23) 1.46(23) 1.79(23) 
Sept. 12 2.63(15) 1.13(15) 1.96(15) 
Sept. 12 1.81(15) 2.10(15) 1.88(15) 
1.25(10) 
1.32(10) 
1.35(10) 
1.48(10) 
2.32(14) 1.66(10) 
1.42(15) 
1.78(15) 
Weights used in these determinations were the average of two daiy 
weighings with the exception of Castana trials where beginning and ending 
weights were averages <Sf two daily weighings but only one weight was used 
in intermediate periods. 
b Period 4 was 33 and 32 days for Ames and Castana, respectively. 
Numbers in parentheses represent number of animals included. 
Table 20. Observations of the effect of an antibiotic combination on rumen 
chloroplast concentrations, 1961 
Animal 
number Group* 6-5 6-6 6-12 6-13 6-14 6-15 6-16 6-19 6-20 6-21 
4 III .440 .486 .361 .492 .159 
6 III .697 1.060 .123 .687 .458 
7 III .576 .729 .161 .481 .326 
8 III .272 .753 .119 .65O .638 
14 III .495 .756 .153 1.878 .542 
31 IV .584 .743 .530 .403 .640 1.757 1.908 
32 IV .621 .830 .245 .392 .763 1.115 .800 
34 IV .963 1.151 .189 .399 .524 .488 1.890 
43 IV .915 .411 .260 .645 1.229 .965 .869 
45 IV .920 .579 .722 .635 1.263 1.437 1.552 
61 I .156 .544 .148 .622 .326 .144 .223 .113 .308 .993 
62 I .221 .242 .179 .909 .413 .286 .262 .254 .512 1.780 
63 I .387 1.223 .058 .596 .403 .173 .210 .341 .512 .772 
67 I .377 .403 .120 .588 .594 .519 .280 .385 .512 .536 
72 I .221 .238 .111 .235 .248 .232 1.302 1.125 .940 
a See Table 2 for antibiotic treatment. 
k Milligrams of chlorophyll/100 ml. rumen fluid due to chloroplasts, 
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Table 21. Observations of the effect of an antibiotic 
combination on rumen chloroplast-fragment 
concentrations, 1961 
Animal _ Date sampled 
number Group 6-13 6-14 6-15 6-16 6—19 6-20 6-21 
4 III .373 
6 III .935 
7 III .698 
8 III .798 
14 III .909 
31 IV .390 2.227 1.544 .667 2.840 1.546 .962 
32 IV .460 1.568 .639 .671 1.244 .768 .266 
34 IV .576 1.092 .262 .472 .987 .318 .968 
43 IV .411 .457 .782 1.237 1.696 .684 .411 
45 IV .242 1.431 1.459 .689 1.570 .865 .663 
61 
-1 .101 .191 .195 .183 .261 .208 .375 
62 I .253 .415 .299 .177 .403 .415 .655 
63 I .239 .414 .211 .270 .677 .282 .518 
67 I .242 . .820 .646 .226 .595 .370 .516 
72 I .168 .363 .274 .149 .467 .675 .576 
a See Table 2 for antibiotic treatment. 
b Milligrams of chlorophyll/100 ml. rumen fluid due 
to chloroplast fragments. 
Table 22. Observations of the effect of an antibiotic combination on 
cell-free rumen lipid concentrations, 1961 
Animal 
number Grouna 6-5 6-6 6-12 6-13 6-14 6-15 6-16 6-19 6-20 
4 III 5.6» 6.a 2.7 1.3 
6 III 3.6 2.5 1.4 2.5 5.3 
7 III 5.2 2.2 1.6 1.2 
a III 3.4 1.1 1.2 3.1 
14 III 5.2 3.4 2.0 2.0 
31 IV 1.7 1.4 0.4 5.2 1.6 i .a  
32 IV 1.7 2.1 2.6 0.6 1.5 3.0 
34 IV 2.1 1.5 0 0.7 0 2.1 
43 IV 1.5 2.1 0 0 1.2 2.0 
45 IV 0.9 2.a 0 0 4.5 1.0 
61 I 0 2.2 0 1.4 1.3 0 0 1.6 .7 
62 I 0 0.9 1.2 1.1 0.5 2.3 2.3 .7  
63 I 0.4 0 1.9 1.1 1.6 1.4 2.6 1.7 3.2 
67 I 0 0.4 o.a 1.3 3.1 3.4 1.2 1.2 
72 I 6.4 0 0 3.2 1.4 1.1 o.a 0 3.6 
a See Table 2 for antibiotic treatment, 
k Milligrams cell-free lipid/100 ml. rumen fluid. 
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Table 23. Observations of the effect of en antibiotic combination on total nracn scids and thsir ratios 
S3TS combination , Controls 
Date Ani. 
no. 
Total 
VFA 
Mar prorogions as percent:ti Ani.Total . 
no. VFA 
Mar proportions ïs percent: 
Ac ?r I-Eu Bu I-Va Va Ac Pr I-3u Bu 1-Va Va 
5-20 6 71.2 61 54.9 77.0 19.7 T 3.3 0.0 0.0 
7 73.7 66.,v 17.7 1.8 •3.8 3.5 1.8 62 69.7 65.3 20.0 2.1 3.4 2.1 2.1 
14 87.0 72.5 13.3 1.4 7.3 T 0.0 63 64.1 - - - - - -
5-22 6 59,5 • —  - - - - - 61 6v.l 63.9 16.9 2.5 9.5 2.5 • T 
7 72.2 71.2 15.6 1.7 6.8 1.7 0.0 62 72.7 73.4 17.7 1.3 7.6 T 0.0 
14 51.4 72.0 16,9 1.7 8.5 0.9 0.0 63 68.1 - - - - - -
5-23 6 34.6 - - - - - - 61 52,4 6u.7 18.7 1.3 12.0 1.3 T 
7 54.4 69.2 12.1 14.3 3.3 T 62 90.0 62.4 19,7 1.7 12.3 3.4 0.0 
14 39.6 76.7 11.0 le'r 11.0 T 0.0 63 52.4 - - - - - -
5-24 6 63.1 - - - - - 61 123.6 59.3 20.7 2.2 14.1 2.2 1.5 
7 62.5 47.0 47.0 T 6.0 T 0.0 62 151.0 57.9 19.7 2.6 13.2 3.9 2.6 
14 40.7 53.8 40.9 0.0 5.4 0.0 0.0 63 •6.4 - - - - - -
5-26 6 119.0 — - - - - - 61 99.2 61.5 13,3 1.3 11.9 1.3 T 
7 63.6 61,4 19.3 2.3 17.0 ? T 62 111.4 65.6 21.3 1.6 11.5 T 0.0 
14 73.7 33,3 12.1 T 4.5 0.0 0.0 63 12;. 6 - - - - - -
5-27 6 112.4 - - - - - - 61 123.1 62.9 23.1 1.6 12.4 T 0.0 
7 35.9 61.2 23.5 1.2 I4.1 T T 62 137.9 62.8 19.2 2.6 12.9 2.6 T 
14 91.0 61.1 ' K.3 1.5 14.5 2.3 2.3 .63 110.9 - - - - - -
6-1 6 104.2 . - - - - - - 61 113.5 63.6 27.3 1.0 8.1 T 0.0 
7 146.9 55.7 2.;.3 2.1 12.1 3.6 2.1 62 65. 6  62.9 22.9 2.9 3.6 2,9 T 
14 106.3 65.7 13.5 1.9 . 10.2 1.9 1.9 63 133.2 - - - - - -
6-6 6 45,9 - - - - - - 61 64.6 66.3 17.5 1.3 13.8 1.3 T 
7 ' 9«,.l 61.9 25.2 T 12. 4  0.0 0.0 62 60.0 66.7 20.0 1.3 10.7 1.3 0.0 
14 103.7 66.4 20.0 0.5 10.4 O.'t 1.6 63 74.2 - - - - - -
6-12 6 73.2 - - - - - - 61 106.8 '6,2.1 13.9 T 18.9 0.0 T 
7 6L6 63-7 17.6 1.5 15.0 0.7 1.5 62 31.5 68.5 17.6 1.9 9.3 2.8 1.9 
14 97.0 66,4 21.8 0.9 9.1 0.0 1.8 63 57.0 - - - - - -
â " ' ' ' Ac= acetic, Pr=propior.ic, I-3u=isobutyric, titHmtj'ric, I-VHsovabric and V?=v?leric acids. T=trcce ' 
of that particular acid present. 
